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FOREWORD

The purpose of this Field Procedures Manual (FPM) is to provide NOAA field units with consoli-
dated and standardized guidelines and requirements for conducting, processing, and generat-
ing final field deliverables for Office of Coast Survey (OCS) hydrographic surveys. This manual
summarizes current best practices that shall be used by NOAA field units to meet specifications
set forth in the NOS Hydrographic Surveys Specifications and Deliverables.

Words used in this manual to denote mandatory or permissive actions are defined as follows:

o “Shall” or “must” means the procedure or standard is mandatory.
o “Should” means the procedure or standard is recommended.
o “May” and “need note” means that the procedure or standard is optional.

o “Will” means futurity of action only and does not indicate any degree of requirement for
application of a procedure or meeting a standard.

Due to the rapid development of technology and continual improvement of operational meth-
ods, the FPM will require periodic maintenance. User input, particularly from field units, is
critical to ensuring that the FPM is up to date. Recommended changes to the FPM will be re-
viewed by committee bi-annually for potential application to the FPM. Any new procedures put
into effect between versions of the FPM will be implemented via a Hydrographic Surveys Tech-
nical Directive. Recommended changes and other comments regarding the manual should be
forwarded via email to FPMupdates@noaa.gov.

Any mention of a commercial company or product within this manual does not constitute an
endorsement by NOAA. The use for publicity or advertising purposes of information concerning
proprietary products or software or the tests of such products is not authorized.
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SIGNIFICANT FPM CHANGES SINCE RELEASE OF MAY 2008 VERSION

SECTION

Wiring Diagrams

[2.2] The Project CD/DVD

2.2.2.6.1| Junctioning with Light
Detection and Ranging (LIDAR)

Surveys

2.2.2.8| Monthly Reports

Survey Polygon Planning

3.5.2.3.3| fetchtides

3.5.5.1 Source Shoreline Data

4.2.3.8.1] Field Sheet and Grid
Size Guidance

Cultural or Historic
Sumberged Features

Pydro Feature

Classification

4.4.10.1| Feature Reporting
(Notebook) — Required Files

5.2.3.2.1| Monthly Survey

Progress Estimates, Project
Statistics, and Vessel Utilization
Reports

DESCRIPTION OF CHANGE

This is a new section to communicate that all field units
should maintain up-to-date wiring diagrams for each of
their survey vessels.

This section has been updated with a new subsections for
(1) Historic Preservation Correspondence and (2) Monthly
Reports and has been rearranged slightly.

This section was updated extensively to clarify the files
provided to field units from the Hydrographic Surveys Di-
vision.

This section title has been renamed from 'Progress Sketch
and Stats Files’ to reflect the new methodology for report-
ing survey progress, statistics, and vessel utilization.

This is a new section. The parent section 2.5 has been
slightly reorganized to acommodate this new guidance.

A new subsection on fetchtides has beed added along with
a reference to the fetchtides user manual that is now part
of the chapter 3 appendix. fetchtides is a procedural pro-
gram which allows a user to retrieve tides data from a va-
riety of sources including data e-mailed from tidebot, data
in local files, and live data available through CO-OPS’s
Web Services

The new Project Reference File (PRF) and the features con-
tained within it are described here.

A new subsection has been added to provide practical
guidance from the Atlantic Hydrographic Branch on phys-
ical size and computer file size for grids and field sheets.

This section has been updated to include new procedures
(taken from HTD 2008-9) for obtaining historic consulta-
tion for data sets submitted to HSD. In general, NOAA Field
Units are no longer required to submit any data to the
National Marine Sanctuaries Program or a State Historic
Preservation Officer as required of the previous edition of
this manual.That task will be the responsibility of the At-
lantic and Pacific Hydrographic Branches.

A URL to an up-to-date Field & Branch Features Encoding
Guide for the West coast and Alaska has been added in
this section.

Aspects of the 'Field Verified’ and 'Disprovals’ layers in the
Composite Source are clarified.

This section has been updated to reflect the new method
and format, described in Hydrographic Technical Directive
2009-1, for reporting monthly survey progress to the Hy-
drographic Surveys Division.
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Chapter 1

Systems Preparation &
Maintenance

Action springs not from thought, but from a readiness for responsibility. — Dietrich
Bonhoeffer

NOAA's Office of Coast Survey (OCS) uses a wide array of systems, tools, and procedures to
perform modern hydrographic surveys. Due to the variety of equipment and highly technolog-
ical nature of operations, a consistent, well-documented program of systems preparation and
maintenance is essential to ensure that NOAA's hydrographic field units are capable of pro-
ducing data that will meet OCS specifications. These procedures can be broken down into two
categories: Annual Systems Preparation and Periodic Quality Assurance.

1.1 Annual Systems Preparation

Each field unit shall schedule an adequate period of time for Annual Systems Preparation, typ-
ically during winter inport for ships, in which survey systems will undergo annual calibration,
maintenance, and verification procedures as defined in this chapter. These procedures should
also be performed following any significant period of inactivity and after major changes or
upgrades to a field unit's hydrographic systems. Unless specifically stated otherwise or assis-
tance is arranged from another NOAA office, Systems Preparation should be conducted and
documented by field unit personnel.

As a final step in Annual Systems Preparation, prior to the start of survey data acquisition,
each field unit shall perform a Hydrographic Systems Readiness Review as described in section
This process is simply a formal review of each hydrographic field unit’s Annual Systems
Preparation.

1.1.1 Hydrographic Systems Readiness Review

The primary purpose of the Hydrographic Systems Readiness Review (HSRR) is to officially doc-
ument and inform OCS senior-level management of a field unit’s level of readiness to perform
hydrographic surveys that will meet OCS specifications. This procedure also affords field units
the opportunity to identify any deficiencies that will prevent optimal performance and produc-
tion throughout the field season. These deficiencies may include such items as damaged or

20
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unreliable equipment, unmet training needs, and personnel shortages. Formally document-
ing field unit requirements will better prepare OCS to provide support and meet the needs
of NOAA's hydrographic fleet. The Hydrographic Systems Readiness Review process can be
broken down into four basic steps outlined below.

1. Hydrographic Systems Review Team Organization. A Hydrographic Systems Review Team
shall be organized for each NOAA hydrographic field unit. This team shall consist of an
assigned OCS Representative, typically a hydrographer from either the Atlantic Hydro-
graphic Branch (AHB) or the Pacific Hydrographic Branch (PHB), the regional Hydrographic
Systems and Technology Program (HSTP) Field Support Liaison, and the field unit’s Field
Operations Officer (FOO) or equivalent.

2. Hydrographic Systems Review. The Hydrographic Systems Review Team shall examine
both physical survey systems and documentation for Annual Systems Preparation require-
ments outlined in this chapter. After completion of the review, this team shall brief the
Chief-of-Party on the level of field unit readiness determined, any deficiencies identified,
and any recommendations that could increase the unit's data quality or general survey
efficiency.

3. Hydrographic Systems Readiness Review Memo. Within ten working days of commencing
survey operations, the Chief-of-Party shall notify OCS of the field unit’s hydrographic sys-
tems status and level of readiness to complete its assigned OCS hydrographic survey mis-
sion. This notification shall be an email submission consisting of a digitally signed Hydro-
graphic Systems Readiness Review Memo (see Appendix 1) that lists system deficiencies
identified during the Hydrographic Systems Review and a plan to address each problem.
Any modifications or restrictions in operations that will be necessary in the interim must
also be identified. This digitally signed memo should be sent to ocs.hsrr@noaa.gov. The
following people receive e-mail sent to ocs.hsrr@noaa.gov:

(a) Chief and Deputy Chief, Hydrographic Surveys Division (HSD)
(b) Chief and Deputy Chief, Navigation Services Division
(c) Chief, Hydrographic Systems and Technology Program
(d) Chief, Atlantic Hydrographic Branch

(e) Chief, Pacific Hydrographic Branch

(f) Chief, HSD Operations Branch

(g) Chief, NSD Navigation Response Branch

d

~ ~— — ~— — ~—

4. Hydrographic Systems Readiness Acknowledgment. Within ten working days of receiv-
ing the Hydrographic Systems Readiness Review Memo, the Chief of HSD or Chief of NSD
shall formally acknowledge receipt via a digital memorandum to the field unit’s Chief-of-
Party with a copy to ocs.hsrr@noaa.gov. This memorandum of acknowledgment shall also
state OCS acceptance, qualified acceptance, or rejection of the field unit’s hydrographic
systems readiness. If systems readiness is partially accepted or rejected, the memoran-
dum shall list any specific actions required by OCS for the field unit to meet data quality
standards.

1.2 Periodic Quality Assurance

Periodic Quality Assurance refers to any additional procedures required by OCS to maintain or
verify continued data quality between annual Hydrographic Systems Reviews. These proce-
dures vary by equipment type and are generally performed on a scheduled basis throughout
a unit’s field season. Specific requirements are organized by system type and defined in this
chapter.
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1.3 Basic Methods and Documentation

To effectively manage a field unit’s hydrographic systems, a comprehensive inventory must
first be completed, and then continually maintained. A standard format for a Hydrographic Sys-
tems Inventory has been implemented by OCS, as described in section[1.3.I] This inventory is
a critical element of systems documentation for both Annual Systems Preparation and changes
occurring throughout a unit’s field season. Preparation and maintenance requirements will
vary, typically by survey system category and type. While Periodic Quality Assurance proce-
dures are relatively easy to manage, the sheer quantity and variety of tasks to be completed
during Annual Systems Preparation can be daunting. To assist the field unit, an Annual Sys-
tems Preparation checklist has been provided in Appendix 1 (Annual_Sys Prep_Checklist.xIs).
This list is not all encompassing, but is based on NOAA's collective hydrographic experience
and is intended to define minimum requirements. Additional procedures may be added at the
discretion of the field unit. If a field unit plans to use a system not included in this check-
list for OCS hydrographic survey operations, the regional HSTP Field Support Liaison shall be
contacted to assist in establishing adequate system maintenance and checkout procedures.
OCS-recommended methods for meeting both Annual Systems Preparation and Periodic Qual-
ity Assurance requirements for standard hydrographic survey systems are described in detail
in sections 1.4-1.7. However, unless stated that the field unit shall or must follow a specific
procedure, these methods are not mandatory. Field units are encouraged to develop more ef-
ficient and/or accurate methods in consultation with HSD and HSTP personnel. Note: Any new
procedures used must be documented with sufficient detail for the process to be recreated.
Systems documentation shall meet the minimum guidelines set forth in this chapter and use
digital reporting formats supplied in Appendix 1. Each of the forms provided in Appendix 1
has been designed to include essential information and easily convert to Adobe Portable Doc-
ument Format (*.pdf) for submission. Conversion to *.pdf can be accomplished by “printing”
the document with Adobe PDF selected as the printer. The bulk of systems documentation is
to be maintained by the field unit and made available for review during Hydrographic Systems
Reviews and at the request of OCS. Documentation designed for continual maintenance, such
as the Hydrographic Systems Inventory spreadsheet, should be used to capture changes that
occur throughout a field season.

1.3.1 Hydrographic Systems Inventory

Each field unit shall complete and maintain a digital Hydrographic Systems Inventory address-
ing the four systems categories described below. This information shall be recorded using the
format provided in Appendix 1 (Hydrographic_Systems_Inventory.xls). Sample data have been
entered in this spreadsheet using red font.

o Vessels - Include all vessels to be used for hydrographic data acquisition. For new vessels
or platform types not commonly used in OCS hydrography, additional descriptive informa-
tion with diagrams and/or pictures should be included.

o Hardware Systems - Include all hardware systems to be used to acquire hydrographic
survey data.

o Software Systems - Include all software to be used to acquire or manipulate hydrographic
survey data.

o Personnel Roster - Include all personnel within the field unit who will be actively involved
in survey operations.
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As this inventory will typically change over the course of the field season or surveying pe-
riod, the Hydrographic Systems Inventory shall be updated as changes occur and submitted as
Appendix | of the Data Acquisition and Processing Report (DAPR) for each project.

Note: HSTP is currently developing an online fleet-wide systems inventory database. Once
deployed, this database is expected to serve many of the same functions as the Hydrographic
Systems Inventory described above. HSTP and HSD will issue instructions to field units on the
use of this database when it is ready for use.

1.4 Vessels

Vessels are the most fundamental systems in hydrography. Accurate measurement of the di-
mensions and dynamic parameters of these platforms is essential to obtain high quality survey
data. Vessel “calibration” consists of measuring, and estimating error for, static parameters
such as the physical positions of instruments and equipment on a vessel, as well as dynamic
parameters such as waterline and dynamic draft. Measurement, verification, and documenta-
tion of static parameters are addressed in[1.4.1] Dynamic parameters are discussed in[1.4.2]

1.4.1 Vessel Static Offsets

Static offsets of a vessel and its instrumentation are measured for the purpose of establishing
a local reference frame to which all soundings and positions will be tied. Thus, errors in these
measurements will directly translate to errors in survey data acquired by that vessel. Because
much of the equipment installed on vessels remains fixed from year to year, it may not be
necessary to perform a full survey of every platform during Annual Systems Preparation.

If the results of a previous survey are available and well documented, and the vessel’s con-
figuration has not changed, simply verifying the existing values should be sufficient. Even
when instrumentation has been moved, if the reference frame is based on a network of bench-
marks independent of the movable equipment, it may be possible to reposition instruments
within the fixed network rather than resurvey the entire vessel. This procedure will result in a
significant savings of time and effort, but it is imperative that the original survey be completely
and accurately documented to be effective.

The following items shall be positioned as part of any static offset survey conducted for a
NOAA hydrographic survey platform:

o Permanent benchmarks - Benchmarks shall be sufficient in number and position to main-
tain the vessel reference frame if instrumentation is disturbed.

o Sonar transducers - All vertical beam echosounders, multibeam echosounders, and hull
mounted side scan sonars that may be used to acquire hydrographic survey data shall be
positioned. Transducers mounted on poles, levers, or other movable mounts should be
surveyed in their fully deployed position. Offsets shall be measured to the transducer’s
phase center, or the origin of the sonar’s local reference frame. OCS recommends also
documenting measurements to a nearby permanent mounting point, for reference if the
sonar head must be removed or replaced. Consult the corresponding manufacturer’s
documentation for further guidance on the location of transducer phase centers.

o GPS antennae - All survey system GPS antennas shall be positioned. This includes any
GPS antennas that are integrated with differential beacon receivers and typically only
used for differential corrections but could potentially be used to acquire complete survey
position data. Antennas capable of receiving differential correctors only do not need to
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be surveyed. Offsets shall be measured to the phase center of each antenna, a point
which may be located inside the antenna’s housing. Consult the corresponding manufac-
turer’'s documentation to determine the phase center location of a specific antenna type.
OCS recommends also documenting measurements to the permanent mounting post for
reference if the antenna must be removed or replaced.

o Reference Point (RP) - A RP shall be established and positioned for each vessel. This point
will define the origin of the local vessel reference frame to which all survey data will be
tied. Note: OCS strongly recommends that a vessel’s RP be established at the vessel’s
approximate center of motion (as defined below) and coincident with the origin of the
IMU’s local reference frame on vessels equipped with a POS/MV system. By collocating
these three points, the number of physical offset measurements required will be reduced,
thus minimizing sources of error in position and attitude data.

o Center of Motion (CM) - A CM shall be defined and positioned for each vessel. Establish this
point at an approximate location at which the vessel’s roll, pitch, and yaw axes intersect
during static conditions and average loading. The location of a vessel’s true center of
motion will vary based on a combination of hull shape, loading conditions, and vessel
speed; thus it is a dynamic point. However, a fairly accurate estimation can be made
using the vessel’s plans and empirical observation. Field units should contact NOAA's
Marine Engineering Division (MED) for assistance when defining a vessel’s RP.

o Inertial Measurement Unit (IMU) - For all vessels equipped with a POS/MV system, mea-
surements shall be made to the origin of the POS/MV IMU’s local reference frame. The
manufacturer’'s documentation will define the IMU’s local reference frame and identify its
origin.

o Towpoint - If the vessel is equipped to perform towed sonar operations, the towpoint shall
be positioned. The position of the towpoint is defined as the last point of contact between
the tow cable and the vessel, typically the top of a sheave over which the tow cable is
led. If the sonar is towed from a movable point (J-arm, A-frame, etc.), it shall be in its fully
deployed position for this measurement.

1.4.1.1 Vessel Measurement Requirements & Methods

Vessel measurement procedures vary depending on whether the intent is to complete a full
survey of a vessel, conduct a partial survey to position new or disturbed instrumentation within
an existing reference frame, or simply verify existing offsets when no known changes have
occurred. The requirements and methods for each of these scenarios are described below.

1.4.1.1.1 Full Survey A full survey of a hydrographic vessel is required when no prior sur-
vey exists or under any circumstances where all previous surveys are determined to be unus-
able. Full vessel surveys should be conducted by National Geodetic Survey (NGS) personnel or
a professional geodetic surveyor. Full vessel surveys can be both time consuming and expen-
sive; thus, proper documentation is important to preserve the value of this work. Examples of
conditions that would require full surveys include, but are not limited to, the following:

o A vessel is new or will be engaged in hydrography for the first time.
o Significant modifications have been made to the vessel since the last full survey.

o New equipment is installed or existing equipment is repositioned, and the items cannot
be accurately referenced to benchmarks from a prior survey.
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o New technology or techniques become available that would significantly increase the ac-
curacy of offset measurements or error estimates for the vessel.

o Complete documentation of the previous survey, including offset values, error estimates,
and procedure descriptions, is not available.

o The hydrographer discovers blunders or unexplained discrepancies when verifying the
results of a previous offset survey. See|1.4.1.1.3

o The vessel is involved in an incident, such as a grounding, that has altered the positions
of benchmarks and instrumentation, affecting the validity of the previous survey.

The goal of a full survey is to establish a completely new three dimensional local vessel ref-
erence frame that is independent of any prior vessel surveys conducted. Information from
existing surveys shall not be incorporated into any full survey.

General Considerations for Full Surveys

Accuracy Requirements - OCS has not defined specific numerical values for required offset
measurement accuracy. However, errors introduced in the offset measurement process will be
combined with errors from other sources to produce a final Total Propagated Uncertainty (TPU)
(or TPE in CARIS see section for each sounding. Measurement errors must be accu-
rately estimated and small enough for vessel data to meet OCS survey specifications. More
accurate vessel surveys will leave additional room in the error budget for other sources of er-
ror, which may allow the hydrographer to retain more data or operate under more adverse
conditions than would be possible with a low accuracy survey. Note: Some integrated position
and attitude sensors in use on NOAA platforms, such as the Applanix POS M/V, do have specific
accuracy requirements for offset measurements between system components during installa-
tion. Hydrographers should review the manufacturer’s documentation for any system-specific
requirements.

Benchmarks - Benchmarks are permanent, known positions on the vessel used to identify
the established local reference frame. They may be either existing points, such as antenna
posts or well defined features of the vessel, or monuments specifically created or installed for
the purpose of the survey. Examples of monuments are punch marks, scribe marks, or survey
disks. Hydrographers shall avoid establishing vessel reference frames that utilize imperma-
nent features of the vessel as benchmarks. Two following two factors should be considered
when selecting or installing benchmarks: (1) Permanence - Benchmarks should be permanent
features fixed to the vessel’'s hull or superstructure. Instruments are typically not appropriate
benchmarks because of their potential to be moved. If points such as sensors, antennae, or
transducers are used as benchmarks, the reference frame may be invalidated if the equipment
is removed, replaced, or relocated. (2) Accessibility and Location - Benchmarks should be es-
tablished in locations that are protected, but can be readily accessed for future surveys. OCS
strongly recommends establishing benchmarks near hydrographic instruments such as sonar
heads and antennae. Doing so will allow sensors to be accurately reintegrated into the network
if they are moved. Since these benchmarks are used to establish a three dimensional refer-
ence frame on the vessel, three benchmarks should be readily accessible from each instrument
location to accurately position sensors, regardless of vessel attitude.

Selection of a Reference Point - Every benchmark network must have a defined origin (i.e., a
reference point) for the local reference frame. OCS recommends locating this point at the ves-
sel’s approximate center of motion during static conditions and average loading, as discussed

in section[1.4.1]

Error Estimation - Accurate error estimates for a vessel survey are as important as the offset
measurements themselves. While specific sources of error are inherent to each method of



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 26

survey (see Surveying Methods below), the following common factors affect the accuracy of all
vessel offset surveys.

Setups - This term refers to the number of individual measurements required to compute the
relative position of two benchmarks, literally the number of times the surveyor’s instruments
must be set up to complete the measurement. Multiple setup measurements use intermediate
points as temporary benchmarks between the two desired points. Physically positioning the
measurement instrument on or over a benchmark or other reference point is a possible source
of error, so multiple setups can increase the measurement error between two points. Hydrog-
raphers should attempt to minimize the number of setups required between benchmarks and
record the number of setups for each leg of the survey.

Redundancy - If possible, the hydrographer should arrange the survey such that no bench-
mark is tied to the rest of the network by only one measurement. ldeally, each benchmark
should be tied directly to multiple other benchmarks. In cases where vessel layout makes this
impractical, multiple measurements along the same leg may be useful. These additional data
can be used to improve the accuracy of positions generated by the survey. While redundant
positions can simply be averaged, a more accurate method of determining a final value is to
combine measurements using a least squares algorithm.

Total Error - When estimating the total error for one leg of a vessel offset survey, individual
measurement errors are combined using a “root sum squared” method, rather than simple
addition. For example, in the case of a two setup measurement, the final error estimate for the

leg would be computed as follows:
o=/oi+03

where ¢ is the standard deviation of the total measurement, o, is the standard deviation of the
measurement from the first benchmark to the temporary benchmark, and o, is the standard
deviation of the measurement from the temporary benchmark to the second benchmark.

Vessel Leveling - Although it is possible to establish a vessel reference frame that is not
aligned with the vessel itself, this adds an element of complication and potential error that is
best avoided. The vessel surveying process is much simpler if the vessel is removed from the
water and leveled relative to the earth. For ships, this may not be possible, but launches can
generally be accommodated using trailers or jack stands. If a ship is to be surveyed during a
dry dock period, measurements must be corrected for the slope of the vessel on the marine
railway. This angle can be determined by referencing marine growth along the ship’s waterline
prior to pressure washing. Subsequent offset measurements will need to be corrected for the
determined angle of inclination.

Surveying Methods

For the purposes of this manual, offset measurement techniques are broken into the follow-
ing two categories:

“Traditional” Methods - these methods refers to conducting a vessel offset survey using tools
such as steel measuring tapes, T-squares, plumb bobs, and laser or carpenter’s levels. While
these instruments can yield very exact measurements, particularly on small vessels such as
launches, this technique relies on the assumption that the vessel is level and true. With this
method, the surveyor uses the existing planes and axes of the vessel’s construction, such as
the deck, door frames, and keel lines, to establish the local reference frame. Not only can
significant error be introduced if the vessel is not actually level and true, it can also be more
difficult to estimate error using traditional methods. OCS recommends using advanced survey
methods if equipment and expertise are available.

“Advanced” Methods - these methods employ precision survey equipment such as theodo-
lites, laser range finders, total stations, and optical levels. One advantage of using these opti-
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cal technigues is that measurements are independent of the vessel’s attitude and alignment.
Since the surveying instrument can be positioned anywhere convenient, measurements be-
tween benchmarks can often be accomplished with a single setup, thereby minimizing error.
Detailed procedures for conducting vessel surveys using advanced methods have not been
established by OCS. Field units desiring a full vessel survey using advanced methods should
consult the regional HSTP Field Support Liaison before proceeding. Assistance using these tech-
niques may also be available through the National Geodetic Survey (NGS) Geodetic Services
Division.

1.4.1.1.2 Partial Survey A partial vessel survey shall be conducted if minor changes have
been made to the vessel configuration, but the most recent full survey has not been rendered
obsolete. Partial surveys are typically appropriate when equipment is removed and replaced
or repositioned on a vessel without disturbing the network of permanent benchmarks. In such
cases, the new position of the instrument can be determined by surveying its position relative
to the undisturbed benchmarks. The original survey shall then be updated and would remain
valid. Partial surveys are significantly less time consuming than full surveys, but are only valid
if benchmarks installed as part of the original survey remain undisturbed. When in doubt as to
whether a new full survey is necessary or a partial survey is sufficient, field units shall complete
a full survey of the vessel.

Partial surveys are basically identical to full surveys, but on a much smaller scale. The
same rules and considerations described for full surveys apply to partial surveys. Since mea-
surements are typically made over short distances and require few setups (assuming bench-
marks have been installed near instrumentation as recommended), good accuracy can often be
achieved with traditional survey methods. However, advanced methods may provide a more
accurate estimate for measurement error.

1.4.1.1.3 Verification Survey Verification surveys are conducted to check the validity of
pre-existing full (or combination of full and partial) surveys when no changes to the vessel's
configuration have occurred. This is the minimum survey required as part of Annual Systems
Preparation and, as such, shall be conducted at least annually. The purposes of a verification
survey are to review the offsets, error estimates, and documentation of the prior survey, and
to check for measurement blunders, vector algebra mistakes, sign errors, etc.

Verification surveys can be viewed as a “sanity check” of the existing survey data and may
be conducted using traditional methods. Typical procedures consist of pulling steel tape be-
tween benchmarks to verify the offset values and rechecking the vector algebra to confirm
established values. Error estimates in the original documentation shall be reviewed for consis-
tency and suitability for the vessel’s current mission. Any discrepancies discovered during a
verification survey may trigger a partial survey or a new full survey of the vessel.

1.4.1.2 Periodic Quality Assurance Checks

Periodic quality assurance checks are simply Verification Surveys, or portions thereof, per-
formed at the discretion of the field unit. This type of check would be used if the vessel was
involved in an incident, such as a grounding, that might have altered the positions of bench-
marks and instrumentation, affecting the validity of the annual survey. If changes are found, a
partial survey or new full survey of the vessel may be necessary.
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1.4.1.3 Documentation & Reporting Requirements

The documentation required for vessel static offset surveys varies with the extent of the survey
conducted. Documentation, as defined below, for static offset surveys shall be maintained by
the field unit and available for review during Hydrographic Systems Reviews and at the request
of OCS. Copies of documentation for all full and partial surveys shall be transmitted to HSTP.
The dates, basic methodology used, and responsible professional survey agency (if applicable)
for vessel static offset surveys shall be entered in the Hydrographic Systems Inventory. Any
interim survey performed as a quality assurance check shall be described in the DAPR for all
associated projects.

1.4.1.3.1 Full and Partial Surveys Documentation for full and partial vessel offset sur-
veys shall include the following:

o A full description of the equipment and technique employed, including diagrams showing
the positions of setups and any pertinent technical data available for the instruments
used for the survey. The survey location and description of how the vessel was leveled
and immobilized, if applicable, should also be provided.

o Pictures and/or diagrams showing the general arrangement of the surveyed vessel and
identifying the positions of benchmarks and instruments.

o An error analysis describing how the error values for each measurement were determined.

o Raw measurement data and a table of final results (including error estimates). A reviewer
should be able to easily reconstruct the steps of data reduction from the information pro-
vided.

o A copy of Vessel Reports, generated in CARIS HIPS and SIPS Vessel Editor, for each result-
ing CARIS HIPS Vessel File (HVF).

1.4.1.3.2 Verification Surveys Documentation for verification of an existing full (or com-
bination of full and partial) vessel offset survey shall include the following:

o A simple description of the equipment and techniques used for measurements.
o Areference to the full survey or combination of full and partial surveys that were verified.

o A copy of Vessel Reports, generated in CARIS HIPS and SIPS Vessel Editor, for each HVF
which will remain in effect.

o Notation of any discrepancies discovered in the prior survey(s) and how these items were
resolved.

1.4.2 Vessel Dynamic Offsets

Dynamic offsets are those parameters of a vessel that are expected to change over relatively
short time periods. The primary dynamic offset is vessel draft. A hydrographic survey vessel’s
draft and, therefore, the vertical position of the sonar transducer within the water column is af-
fected by many factors, including the vessel’s loading, weight distribution, and speed through
the water. When addressed as one vessel characteristic, these effects are referred to as “Dy-
namic Draft.” Dynamic draft is the sum of “Static Draft” and “Settlement and Squat”.
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Static draft is the draft of the vessel at rest, fully loaded and outfitted for surveying. This
value can be affected by the amount of equipment, fuel, personnel, and other gear loaded on
the vessel, and is also a function of the density of the water in which the vessel is operating.

“Settlement” is the purely vertical component of this vessel characteristic and is measured
at the vessel’s approximate center of motion. Although this vertical displacement is in the
same direction as heave, settlement is usually filtered out of recorded heave data because
its frequency is much lower than the cutoff frequency of high pass filters typically associated
with heave measurement devices. As a result, settlement must be measured and corrected for
independently of heave action.

"Squat” refers to the tendency of a vessel’s stern to sink into the water as speed increases
while operating in displacement mode (i.e., not on a plane). Squat typically results in a bow-
up attitude, although a reverse effect may actually take place at higher speeds for some hull
designs. Since echosounders are generally not mounted directly at a vessel's center of mo-
tion, squat acts on a lever arm from the center of motion to the echosounder, causing a ver-
tical displacement of the transducer. On vessels equipped with attitude sensors, this effect is
addressed as a part of attitude measurements and corrections. For vessels without attitude
sensors, squat must be measured and corrected for as a part of dynamic draft.

1.4.2.1 Calibration Requirements and Methods

1.4.2.1.1 Static Draft As part of Annual Systems Preparation, static draft shall be mea-
sured across the anticipated range of loading and buoyancy conditions. At a minimum, field
units should track changes in static draft for a sufficient period of time to develop a statisti-
cally significant sample of values from which an error estimate can be produced. Depending
on these results and the requirements of the survey, the frequency of draft measurements and
updates of the HVF necessary during survey operations will vary. On some vessels, it may be
necessary to measure static draft as often as twice a day, while annual measurements may be
sufficient for others. Factors influencing the frequency of static draft measurement include the
following:

o Survey Accuracy Required - If the error associated with static draft measurement is deter-
mined to be acceptable for meeting survey accuracy requirements, a single static draft
value may be sufficient. This value should be the mean of multiple observations taken
over a wide range of loading and buoyancy conditions for the vessel. If survey accuracy
requirements increase, more frequent static draft measurements may be necessary.

o Loading Conditions - Vessels with a wide range of loading configurations will require more
frequent static draft measurements than vessels with minimal loading changes. For ex-
ample, many NOAA ships conduct survey operations both with and without launches in the
davits, which can create a significant difference in vessel draft. Likewise, a hydrographic
survey launch’s static draft may vary noticeably with the amount of fuel loaded and the
number of personnel embarked.

o Buoyancy - A vessel’s static draft will vary with the density of the water in which it floats.
If the vessel will be operating in waters with a wide range of densities (most strongly
influenced by salinity), more frequent observation of static draft may be necessary. Ad-
ditionally, water density may change significantly with project area, making static draft
determined at one location inappropriate for survey operations in another area.

1.4.2.1.1.1 Static Draft Measurement Techniques The technique chosen to mea-
sure static draft may be influenced by the anticipated frequency of measurement required.
Examples of measurement techniques include the following: Draft Marks on Hull - During the
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static offset measurement survey (see the vessel’s hull can be marked with vertical el-
evation differences from the Vessel Reference Point. If this method is used, the hull should be
marked on both the port and starboard sides, in the athwartships plane of the Vessel Refer-
ence Point. Static draft is then determined by averaging the port and starboard readings. Sight
Tube - A more precise method for measuring static draft is a clear plastic or glass sight tube
installed in the interior of the vessel. This method can be particularly useful on hydrographic
survey launches. The lower end of the tube is connected to a through-hull fitting below the
waterline (with a valve at the hull), and the top is either connected to a through-hull above
the waterline or extends sufficiently high enough above the waterline to prevent flooding. The
clear portion of the sight tube, where measurements will be read, should be installed directly
over (or as close as possible to) the vessel RP and graduated for direct measurement of the
waterline offset from the reference point. Note: The static draft information is to be placed in
the ‘waterline’ entry in the Caris HVF.

1.4.2.1.2 Dynamic Draft At a minimum, dynamic draft shall be measured during Annual
Systems Preparation. Although dynamic draft is a function of both hull shape and weight dis-
tribution, the influence of weight distribution is typically negligible. Thus, dyanmic draft can
be measured annually with the vessel in an average loading configuration, and the results
combined with a range of static draft measurements for a final dynamic draft determination.
Vessels with ancillary trim capabilities (e.q., trim tabs, jet drives, and outboard motors) should
establish operating procedures to standardize vessel trim during survey operations.

1.4.2.1.2.1 Dynamic Draft Measurement Techniques Settlement and squat are ac-
tually two separate parameters, but they can be easily measured together. If possible, this
measurement should be accomplished in a body of water at least 7 times the vessel draft,
where water level and current effects will be minimal for the period of the calibration. There
are three common methods of determining dynamic draft values. Each method is described
below.

Optical Level This technique uses an optical level to site the height of the vessel moving
at different speeds through the water, relative to a fixed position ashore. The basic procedures
are as follows:

o Set Up - Set up an optical level on shore near a channel or fairway where the vessel will
be free to maneuver. The closer the level station is to where the vessel will traverse,
the more accurate the readings will be. A pier is a valid location for the level station,
but the pier must be a stable structure that does not exhibit significant movement over
time. Level rods should be positioned on the port and starboard sides of the vessel. If
the vessel to be calibrated is equipped with an attitude sensor, the level rods should be
positioned in the athwartships plane of the vessel’s approximate center of motion so that
only settlement is measured (squat will be measured and corrected in conjunction with
vessel attitude). If the vessel does not have an attitude sensor, the level rods should
be located in the athwartships plane of the sonar transducer, which will combine squat
effects in the measurement.

o Data Acquisition - Run the vessel in opposing directions (either perpendicular to or parallel
with the level station line of sight) at various speeds, ranging from dead slow ahead to
slightly faster than the maximum anticipated survey speed. On each run, the vessel must
be allowed sufficient time to stabilize in attitude and speed prior to the measurement
point. For each speed, a rod measurement should be taken on each side of the vessel. The
port and starboard values for each speed are averaged to cancel the effect of any current
or vessel list. Before and after each pair of runs, the elevation values for the vessel at



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 31

rest should be measured in order to correct for any change in water levels over the course
of the test. The data should be recorded in tabular format, with the final dynamic draftt
value for each speed being the difference between the average at rest readings (before
and after each pair of runs) and the average of the port and starboard underway readings.

Real-Time Kinematic (RTK) GPS Procedures are currently being developed for a real-
time kinematic GPS determination of dynamic draft. These methods have not yet been ap-
proved by OCS and shall not be used for Annual Systems Preparation.

Echosounder This technique uses a vessel’'s MBES system to determine dynamic draft.
The basic procedure is described below, and a detailed Standard Operating Procedure (SOP)
for this method is included in Appendix 1 (MBES_Settlement_and_Squat SOP.doc).

o Data Acquisition -Data should be acquired in an area with a flat seafloor and relatively
shallow water. Water depth should also be at least seven times the vessel draft to reduce
attitude bias. The geographical location should be as close as possible to a water level
station. If the survey time is planned to minimize currents, adequate data can typically
be acquired by running in one common direction for all vessel speeds. If currents are
significant, it will be necessary to acquire data in opposing directions for each speed and
average the two values. As with the optical level method, vessel attitude and speed must
be stable while acquiring data.

o Line Acquisition -Plan a survey line approximately 1000 meters in length. Establish a
center reference point for three approximately 20m? reference areas located at dis-
tances of ¥, %, and % along the line as shown in Figure[1.1] Acquire data along the
line at various RPM intervals, ranging from the minimum to the maximum speed an-
ticipated for survey operations. Minimize across-track error during line navigation and
establish a constant speed and heading prior to logging data. Monitor and minimize
induced heave during data acquisition.

Reference areas, 20m on a side

F 3

EA % 1 |
1000 m |

Figure 1.1: Recommended line plan for determining dynamic draft using a vessel's
echosounder.

o Reference Area Acquisition - At each reference area, acquire data along the line at the
lowest speed possible while maintaining heading and stable attitude to create a baseline
with negligible dynamic draft. It is recommended that reference area data be acquired
both before and after line acquisition to bracket and evaluate any significant water level
variation. Compare these reference area depth measurements with each of the at-speed
measurements to determine offsets caused by speed variation. Conduct a sound velocity
cast near the center reference point.

o Data Processing Soundings -Filter soundings to reject all but those with the highest data
quality flag. Sample all line and reference area soundings within each 20 m x 20 m area.
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Minimally clean subsets for gross flyers and noise. Query all soundings from each subset
and import these data to MS Excel as tab-delimited records. Sort the data by line number
and calculate the median surface depth for each speed level at each reference area.

o Navigation/Speed - Query position fixes for individual lines within each reference area
subset, and import these data into Excel as tab-delimited records. Calculate the av-
erage speed for each RPM in each of the reference areas.

o Offset Tables - For each reference area, subtract the median reference area depth
from median depths for each RPM/speed interval to calculate relative dynamic draft
offsets. Plot Speed vs. Offset for each of the 3 reference areas to evaluate data
consistency. Average data from the %, ¥ and % point reference areas to calculate
final dynamic draft values.

o Error Analysis -The standard deviation of each speed correction should be calculated
by comparing the values derived from each of the three surface areas at that speed.

1.4.2.2 Periodic Quality Assurance Checks

Static draft shall be re-measured at whatever frequency determined necessary to meet survey
specifications. However, at a minimum, static draft should be checked against previous survey
values at the start of a new project and whenever a vessel will be conducting survey operations
with an atypical loading configuration. Dynamic draft shall be re-measured if the vessel’s hull
shape is altered, significant changes in weight distribution of the vessel have been made, or
other physical alterations have been made to the vessel that may affect dynamic draft values.

1.4.2.3 Documentation and Reporting Requirements

Dynamic offset measurement documentation shall be broken into two separate sections, one
for Static Draft and one for dynamic draft measurements. All information listed below should
be documented. This documentation shall be maintained by the field unit and available for
review during Hydrographic Systems Reviews and at the request of OCS. The dates and basic
methodology used to determine dynamic offset measurements shall be reported in the DAPR
for each applicable project. The actual frequency of static draft measurements, any significant
changes to static draft, and any subsequent changes to dynamic draft should also be included
with this documentation.

Static draft measurement documentation shall include the following:

o A complete description of the procedure used to determine draft and estimate error.

o

Geographical location where measurements were made and number of observations used
for draft determination.

Raw draft measurement data in tabular format and error estimate calculations.

[¢]

[¢]

Final static draft values, as applied in the CARIS HVF.

o

The frequency with which draft will be measured during subsequent survey operations,
with justification for this decision.

Dynamic draft measurement documentation shall include the following:

o A complete description of the procedure used to determine dynamic draft, with a chartlet
identifying the geographical area where measurements were made.



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 33

o Raw data with sufficient explanation of data reduction to enable recalculation of the final
dynamic draft values and error estimates.

o Final dynamic draft values, as applied in the CARIS HVF.

Note: Think carefully about the sign of the dynamic draft values placed in the Draft sensor
entry in the Caris HVF. Caris expects the change in Z to be a positive down, so a sinking of
transducer creates a shallower depth than the “true depth”, and the dynamic draft value will
be positive. If the vessel rises in the water, the measured depth will be deeper than the “true
depth” and the dynamic draft value will be negative. Depth= Observed depth - Waterline +
change in depth.

1.4.3 Wiring diagrams

All field units should maintain up-to-date wiring diagrams for each of their survey vessels.
These wiring diagrams should be reviewed and updated during the Annual Systems Preparation
process. An sample diagram is in the chapter 1 appendix.

1.5 Hardware Systems

Hardware systems used by NOAA field units for hydrographic survey operations range from
technologically advanced echosounders and attitude sensors to simple lead lines. Regardless
of technology or complexity, each instrument must be properly maintained and calibrated in
order to provide quality data.

Calibration, maintenance, documentation, and reporting requirements established by OCS
for common hardware systems used by NOAA hydrographic field units are described in sec-
tions 1.5.1-1.5.10. New sensors and instruments unique to only one or two field units may
not be addressed in this manual. Likewise, as NOAA's organizational expertise with existing
systems continues to grow, new and improved procedures that supersede those documented
here will be developed. In such cases, this section of the FPM shall be used as a guide for the
development, implementation, and documentation of new procedures. If a new procedure is
used, it must be approved by HSTP and documented with sufficient detail for the process to be
recreated.

1.5.1 Position, Attitude, and Heading Sensors

For OCS hydrographic surveys, vessel position is typically determined using differentially cor-
rected GPS data (DGPS). Attitude sensors are often employed to measure a vessel’s roll and
pitch about its RP and any purely vertical heave action affecting the vessel. The vessel’s ori-
entation about its vertical axis (i.e., yaw) is generally determined with a heading sensor or
gyroscopic compass. Attitude and heading values measured by these sensors are typically
applied to sounding data during post-processing. Each of the aforementioned sensors may be
stand-alone systems, or they may be integrated into a navigation system that will collectively
determine vessel position, attitude, and heading.

Note: Not all NOAA hydrographic field units may be outfitted with an attitude sensor. How-
ever, this equipment will be included on any NOAA vessel used to acquire multibeam echosounder
data. Vessel attitude must be measured and applied to multibeam data to produce accurate
soundings. Due to the wide beam angle of vertical beam echosounders, attitude corrections
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are less critical for this type of data. However, CARIS HIPS is capable of applying attitude data
to VBES when available.

The Applanix POS/MV (Position and Orientation System/Motor Vessel), a GPS-aided inertial
navigation system, is the most common system used by NOAA hydrographic field units to mea-
sure vessel position, attitude, and heading. As such, the POS/MV calibration and reporting
requirements are specifically addressed in this manual. Field units equipped with alternate
position, attitude, or heading sensors shall contact the regional HSTP Field Support Liaison to
develop approved calibration and maintenance requirements.

1.5.1.1 Applanix POS/MV

The POS/MV navigation system will calculate survey-quality vessel position, heading, and at-
titude data. Primary system components consist of a processing unit, two GPS antennas, and
an inertial measurement unit (IMU), which is typically installed at the vessel’s RP for NOAA
configurations.

1.5.1.1.1 Calibration Requirements and Methods At a minimum, NOAA hydrographic
field units shall calibrate the POS/MV during Annual Systems Preparation. Additionally, the
POS/MV shall be recalibrated after any IMU or antenna installations, movements, and/or modi-
fications. The appropriate POS/MV Installation and Operation Guide will contain comprehensive
guidance on system operation and calibration.

Note: Although the POS/MV Installation and Operation Guide refers to the calibration process
as “antenna installation calibration,” it should be performed following any physical antenna
or IMU adjustments, not just antenna installation. Additionally, all IMUs shall be turned in
to the regional EED depot every three years so that the units can be shipped to Applanix
for factory service and recertification. If a field unit has been equipped with a Version 4 or
higher POS/MV system, it is possible to perform an additional lever-arm calibration. However,
this calibration should not be attempted without appropriate RTK support. Field units should
contact the regional HSTP Field Support Liaison for RTK support prior to conducting a lever-arm
calibration.

1.5.1.1.1.1 Offsets & Reference Frame Conventions Prior to calibration, POS/MV
lever arm distances should be entered, as necessary, and/or verified in the POS/MV controller
software. Be very careful not to enter values for offsets that will be applied to data during
post-processing via the HVF. If the IMU is collocated with the vessel’s RP and CM, the distance
from the IMU to the primary GPS antenna (port side for OCS configurations) and the distance
between GPS antennas may be the only offsets that need to be entered in the POS/MV con-
troller software. Measured antenna separation distance must be accurate to within 5 mm, per
the manufacturer’s specifications. Refer to the POS/MV Installation and Operation Guide for
additional measurement accuracy requirements and coordinate system conventions. Note: Be
certain that offsets entered in the POS/MV controller software correspond to the local POS/MV
coordinate system, which may differ from the vessel reference frame coordinate system. A
summary of coordinate systems for common OCS systems and software is included in Appendix
1 (Coordinate_Systems.pdf).

1.5.1.1.1.2 Performing the Calibration Detailed instructions for performing a POS/MV
calibration should be reviewed in the POS/MV Installation and Operation Guide. For a successful
calibration, the POS/MV GPS Azimuth Measurement Subsystem (GAMS) must have data avail-
able from 7 or more satellites and a Positional Dilution of Precision (PDOP) equal to or less
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than 3.0. The calibration should be performed at a time when satellite geometry is good. GPS
mission planning software can be used to identify an optimal calibration time, during which
the PDOP will be at a minimum. Mission planning software is included on the Hydrosoft DVD
(provided annually to field units by HSTP) and also available at no charge from Trimble at
www.trimble.com/planningsoftware.html.

The POS/MV calibration should be performed in an open area where unrestricted maneu-
vering is possible and there are few vertical features likely to produce multipath signals. Set
the user multipath setting to “Low” to allow the system to calibrate with the highest accuracy.
It is important for heading accuracy to settle to less than the threshold set under the GAMS
Installation Parameters before performing a calibration.

Note: This threshold shall always be set to 0.5 degrees or less when calibrating systems
for OCS survey operations. Maneuvering the vessel in a figure eight pattern will help bring the
heading accuracy within this range. Once a calibration is started, it often takes more than the
1-2 minutes on a straight course stated in the POS/MV Installation and Operation Guide for the
“CAL in Progress” process to complete. After a successful calibration, save the new calibration
values into non-volatile memory as described in the POS/MV Installation and Operation Guide,
and save a copy of the final POS/MV configuration file for reference.

1.5.1.1.2 Periodic Quality Assurance Checks Once a high-quality POS/MV calibration
has been performed, it should remain valid until system components are moved or altered.
The POS/MV should operate reliably provided adequate satellite coverage and differential cor-
rectors are available. If the POS/MV becomes problematic, recalibration may be conducted
at the discretion of the field unit. If a recalibration is desired, the same process used for the
annual calibration should be repeated.

Note: If the POS/MV is recalibrated, a new patch test should be performed for any associated
multibeam echosounder systems.

1.5.1.1.3 Documentation and Reporting Requirements For each calibration conducted,
system settings, procedures, and results achieved should be recorded in a POS/MV Calibration
Report. A blank report form is included in Appendix 1 (POS-MV_Cal _Report.xls), with sample
data entered in red font. This documentation shall be maintained by the field unit and available
for review during Hydrographic Systems Reviews and at the request of OCS. The dates of cur-
rent POS/MV calibrations shall be reported in the Hydrographic Systems Inventory. All POS/MV
calibrations conducted shall be described in the DAPR for each applicable project.

1.5.2 Sound Speed Measurement Instruments

Accurate measurements of sound speed (often referred to as “sound velocity”) both through
the water column and at the water’s surface are critical to hydrography, particularly if sound-
ings are acquired using a multibeam echosounder. Two basic types of sound speed instruments
are currently used by NOAA hydrographic field units, those which directly measure sound speed
(commonly referred to as “velocimeters”) and those which measure conductivity, temperature
and depth and then calculate sound speed (commonly referred to as “CTDs"”). All field units
performing OCS surveys shall proactively monitor the accuracy of sound speed measuring in-
struments and conduct preventative maintenance as described below.



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 36

1.5.2.1 Calibration Requirements and Methods

All sound speed measuring instruments employed by NOAA hydrographic field units shall be
annually calibrated and inspected by the manufacturer, unless the manufacturer recommends
a different time period. Field units should turn in all sound speed measuring instruments to
the regional EED depot promptly after arriving for winter inport or during another suitable
period of inactivity. EED will arrange for the instruments to be returned to the manufacturer for
calibration and inspection. This process takes approximately six weeks.

Note: For DigibarPro systems, only the probe needs to be returned for annual calibration.
There is no need to remove the cable or display unit from the vessel unless these components
require repair or replacement.

Field units that can not feasibly submit sound speed measuring instruments to the regional
EED depot shall contact EED to coordinate a direct submission to the manufacturer. Following
annual calibrations, comparisons equivalent to the Data Quality Assurance processes described
in section 1.5.2.2 shall be conducted for all sound speed measuring instruments.

1.5.2.2 Periodic Quality Assurance Checks

Periodic quality assurance checks shall be performed for all sound speed measuring instru-
ments. NOAA hydrographic platforms shall conduct these quality assurance checks on a daily
or weekly basis as described below. Field units with sound speed measurement instruments
not addressed in this manual should contact the regional HSTP Field Support Liaison to develop
a comparable quality assurance plan.

1.5.2.2.1 Daily Data Quality Assurance (Daily DQA) If the vessel is equipped with
a surface sound speed measuring instrument (typically installed at the head of a multibeam
sonar), compare a measurement from this instrument to the results of a full sound speed profile
acquired at the beginning of each day the surface instrument will be used. This comparison can
be performed in NOAA's Velocwin software using the “Surface Sound Speed DQA" function. All
discrepancies greater than 1 m/s should be noted and tracked to determine if the instrument
requires repairs or recalibration. Note: NOAA hydrographic field units have experienced several
failures with this type of instrument. Since surface sound speed data is critical for acquiring
data with flat-faced MBES systems, these instruments must be monitored and tested each day
prior to operations.

1.5.2.2.2 Weekly Data Quality Assurance (Weekly DQA) A full water column profile
from each sound speed profiling instrument shall be compared to an independent source at
least once during each week of survey operations. This comparison should be accomplished
by conducting a simultaneous cast with two profiling instruments and comparing the results
using Velocwin’s “Compare Two Profiles” function. Caution: If simultaneous casts are processed
in Velocwin using the same vessel name, the processed file names will be identical and one
will be overwritten. The user should rename the first file processed to avoid this potential
problem. Data from two different types of profilers can be used for this comparison, provided
both datasets have been initially processed in Velocwin. Comparison casts should be conducted
in water at least as deep as typical depths for the current project. Note: If a Digibar is to be used
for a simultaneous cast, first conduct a Velocwin “Digibar DQA” comparison for the instrument
using a fresh water sample.
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1.5.2.3 General Maintenance Practices

Velocimeters and CTDs should be rinsed with freshwater at the end of the day after use. The
moving parts of the winch on the Moving Vessel Profiler (MVP) system requires weekly lubrica-
tion of its moving parts (e.g. gears and levelwind) to maintain effectiveness and to sustain its
lifetime. It is also highly recommended to shift the messenger on the MVP every 24 hours of
continuous use however armoring may make this more tedious. Field units should routinely do
an inspection of the MVP towfish. For more information regarding possible issues with the MVP
system see "Towed sensor issues and practices.ppt’ in the Chapter 1 Appendices.

1.5.2.4 Documentation and Reporting Requirements

Results from annual sound speed instrument calibrations, i.e., manufacturer’'s documentation
and the corresponding digital calibration coefficient file, shall be maintained by the field unit
and available for review during Hydrographic Systems Reviews or at the request of OCS. The
dates of annual calibrations and any instrument problems or non-routine maintenance per-
formed shall be reported in the Hydrographic Systems Inventory.

If using Velocwin, the results of each DQA test performed will be sorted by project number
and saved to a file named <project number>.DQA, (e.g., OPR-A###-AA-YY.DQA) in the “SVfiles”
directory. If Velocwin is not used for weekly data quality assessments, these comparisons shall
be manually recorded. DQA records associated with each survey shall be included in Separates
Il of the Descriptive Report. Documentation for all calibrations or maintenance conducted shall
be included in the DAPR for each applicable project.

1.5.3 Manual Depth Measurement Equipment

Although no longer used as a primary means of survey, lead lines and sounding poles are
invaluable for some operations. These tools can be used to take soundings in areas too shallow
for echosounders or to verify least depths over dangers to navigation or shoals. The most
common use of lead lines is as a calibration standard for echosounders. However, like all
measuring devices, these tools have their own calibration requirements. Both lead line and
sounding pole requirements are addressed in this section.

1.5.3.1 Calibration Requirements and Methods

1.5.3.1.1 Lead Lines Allfield units engaged in hydrographic surveys where general depths
are less than 40 meters shall carry one or more marked and calibrated lead lines. Depending
on the depths in which they will be used and the size of the vessel, OCS recommends that lead
lines are 30m to 60m long. Each lead line shall be marked with a numerical identifier to be
retained throughout the life of the lead line or until re-marking is necessary.

Traditional lead line material is mahogany-colored tiller rope with a phosphor-bronze wire
center. Specifications for this material and directions for making and maintaining a traditional
lead line can be found in Appendix 1 (Leadline_Sndngpole_Directions.pdf). Since line and tape
materials have evolved significantly and lead lines are now used in special circumstances,
rather than for entire surveys, it may be appropriate for alternate materials to be used when
constructing a lead line. When choosing a lead line material, key properties to be considered
are strength and elasticity. The line or tape must not part if deployed from a vessel underway
and must not stretch significantly under tension or when wet.
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All lead lines used for OCS hydrographic surveys shall be graduated to at least the decime-
ter level. Any convenient system of marking that will minimize reading errors may be used,
provided each whole meter of line is marked and identified with a clearly written numerical
depth value.

Lead lines shall be calibrated by comparison with a known standard during Annual Systems
Preparation and prior to each day’s use if constructed with non-traditional material. The testing
standard should be a survey quality metal tape, pre-measured graduation marks on deck or
ashore, or similar item. If the mean correction exceeds 0.1 m the lead line must be re-marked.

1.5.3.1.2 Sounding Poles When surveying in depths too shallow for an echosounder, it
may be prudent to use a sounding pole if the area is flat and the waters are protected. Sounding
poles shall not be used in depths greater than 4 meters and are typically not used in depths
greater than 2 meters.

A traditional sounding pole is made from a meter length of 1.5 inch (3.81 cm) round lumber
capped with a weighted metal shoe at each end to hasten sinking. Shorter poles may be
used, depending on the depth conditions. Directions for making and maintaining a traditional
sounding pole can be found in Appendix 1 (Leadline_Sndngpole_Directions.pdf). Since modern
pole, pipe, and stick materials are readily available and sounding poles are now used in special
circumstances, rather than for entire surveys, it may be appropriate for alternate materials
to be used when constructing a sounding pole. When choosing a sounding pole material, key
properties to be considered are strength, weight, and bluntness. The pole must not significantly
bend if deployed from a vessel underway or weaken when wet. Additionally, it must not be
so buoyant or sink so rapidly that it becomes difficult to handle and must not penetrate the
seafloor to an extent that would generate erroneous soundings.

All sounding poles used for OCS hydrographic surveys shall be graduated in meters to at
least the decimeter level. Any convenient system of marking that will minimize reading errors
may be used.

Any sounding pole maintained aboard a NOAA hydrographic vessel shall be calibrated during
Annual Systems Preparation. Calibration shall be against a known standard, such as a survey
quality metal tape, to ensure that depth markings are unambiguous and accurate. Sounding
poles created between Annual Systems Preparation events shall be calibrated prior to use on
an OCS hydrographic survey.

1.5.3.2 Periodic Quality Assurance Checks

Due to the static nature and infrequent use of manual depth measurement equipment, there
are no requirements for accuracy checks, other than annual calibrations, if traditional lead lines
or a regularly maintained sounding pole is being used. As previously stated, lead lines con-
structed with non-traditional material shall be calibrated prior to each day’s use, and sounding
poles created on-the-fly for special circumstances encountered shall be calibrated prior to use
on any OCS hydrographic survey.

1.5.3.3 Documentation and Reporting Requirements

A Lead Line and Sounding Pole Calibration Report shall be completed each time a lead line
or sounding pole is made or compared to a standard. A report form is provided in Appendix
1 (Leadline_SndngPole_Cal_Report.xlIs), with sample data in red font. Reports for calibrations
conducted during Annual Systems Preparation shall be maintained by the field unit and avail-
able for review during Hydrographic Systems Reviews and at the request of OCS. The dates of



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 39

current calibrations shall be reported in the Hydrographic Systems Inventory. Documentation
for calibrations shall be included in the DAPR for each applicable project.

In addition to the above reporting requirements, a full Sounding System Comparison shall
be completed each year as a part of Annual Systems Preparation, following calibration of all
sounding systems. A lead line shall be used to manually acquire a standard for comparison
to calculated depths from each of the field unit's vertical beam echosounders, multibeam
echosounders, and diver least depth gauges. This process shall be documented using the
form provided in Appendix 1 (Sndng_Sys Comparison_Log.xls) and included in the DAPR for
each applicable project.

1.5.4 Vertical Beam Echosounder (VBES) Systems

NOAA hydrographic field units may use VBES systems for water depth measurement and/or to
confirm depths measured by other systems, such as multibeam echosounders. The consistency
and accuracy of VBES soundings are directly related to the care with which these instruments
are calibrated, maintained, and operated. It is critical that field units both ensure these sys-
tems are properly calibrated and educate operators about the effects of manually adjusting the
transceiver controls such as power, gain, and sensitivity.

Vertical beam echosounders are typically either dual frequency or single frequency. Users
should operate each echosounder in accordance with its manufacturer’s documentation. When
used for OCS hydrographic surveys, VBES systems shall be set with an assumed speed of sound
through water of 1500 m/s. Recorded sounding data shall be corrected for actual sound speed,
determined with a sound speed profiling instrument, during data post-processing.

1.5.4.1 Calibration Requirements and Methods

The field unit shall verify, during Annual Systems Preparation, that VBES sounding data are
accurate and that each system is in proper working order. While a lead line comparison is
the minimum VBES calibration requirement, a simultaneous comparison of lead line, VBES,
multibeam echosounder, and diver least depth gauge data is also required by OCS during
Annual Systems Preparation. (Refer to for details on Sounding System Comparison.)
If the VBES unit is found to be out of calibration, it should be sent to the regional EED depot,
which will return it to the manufacturer for repair. Field units that can not feasibly submit VBES
systems to the regional EED depot shall contact EED to coordinate a direct submission to the
manufacturer.

When performing sounding system comparisons, the vessel should, ideally, be anchored in
an area with a flat sandy bottom and calm sea conditions. If comparisons will also be made to
DLDG data, the water depth should be between 10 and 20 meters. The lead line depth should
be measured from a location close to the transducer and timed as near as possible to slack
water to minimize any effect from current on the lead line. If the vessel has a known list or is
large enough that a level platform can not be accurately determined, simultaneous lead line
readings should be taken from each side of the vessel and averaged.

1.5.4.2 Periodic Quality Assurance Checks

For modern digital VBES systems, instrument errors are generally small, fixed in magnitude,
and independent observed depths. However, to ensure that echosounders continue to operate
properly, periodic confidence checks should be conducted. A confidence check can be ac-
complished by comparing VBES soundings to lead line readings, nadir multibeam echosounder
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depths, or DLDG data. As when performing a calibration, routine comparisons should be con-
ducted in an area with a relatively flat and hard bottom, when sea conditions are calm.

Confidence checks shall be conducted at least once per week for all surveys performed with
VBES systems. Any discrepancies identified between sounding systems that are greater than
the allowable depth error for the corresponding survey must be investigated to determine if
the equipment is in need of repairs.

1.5.4.3 Documentation and Reporting Requirements

Results of VBES calibrations and confidence checks shall be recorded in a Sounding System
Comparison Log to be maintained by the field unit. A comparison log is included in Appendix 1
(Sounding_Systems_Comparison.xls) with sample data in red font. Calibration records for each
VBES used for hydrographic surveying shall be available for review during Hydrographic Sys-
tems Reviews and at the request of OCS. Sounding System Comparison Logs shall be included
in the DAPR for all applicable surveys.

1.5.5 Multibeam Echosounder (MBES) Systems

NOAA's hydrographic survey units use MBES systems to acquire full- and partial- bottom bathy-
metric coverage throughout a survey area, to determine least depths over critical items such
as wrecks, obstructions, and dangers-to-navigation, and for general object detection. Field
personnel should refer to section 5.1.2 of the HSSD.

Since MBESs are typically hard-mounted, high-resolution systems, soundings can be very
accurately geo-referenced. Proper calibration of MBES systems is critical for maintaining this
high level of accuracy and meeting OCS hydrographic survey specifications. Various models
of swath-type multibeam sonars are used for NOAA hydrographic survey operations. For the
purposes of this document these MBES systems will be treated as equivalent units unless oth-
erwise specified.

1.5.5.1 Calibration Requirements and Methods

MBES performance is largely a function of the original system specifications. To ensure that
MBES systems used for OCS surveys continue to perform adequately, all systems should be
maintained and serviced in accordance with manufacturers specifications.

1.5.5.1.1 Offset Measurement and Verification Offsets for MBES systems shall be mea-
sured and/or verified as part of the vessel static offsets survey described in[1.4.1] OCS typically
uses two types of MBES configurations, hull-mounted and pole- or lever-mounted. Particular at-
tention must be paid to the alignment of the sonar head with respect to the keel of the survey
vessel, as a very small alignment error can introduce significant positioning errors in the data.

In addition to the above alignment considerations, pole- and lever-mounted systems in-
troduce another potential source of positioning error. Since these systems are deployed and
retrieved after each use, care must be taken to insure that the sonar is both stabilized during
use (via pins, guy wires, or the like) and that its deployed position does not vary. Stabilizing
mechanisms should be inspected regularly for wear, stretching or general deterioration that
could affect the sonar offsets or stability.
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1.5.5.1.2 MBES Calibration As part of Annual Systems Preparation, field parties shall con-
duct a system calibration to quantify the accuracy, precision, and alignment for each MBES
system. At a minimum, the calibration shall include determination of residual biases in roll,
pitch, heading, and navigation timing error. This procedure, commonly referred to as a “patch
test”, is performed by acquiring data that will highlight only one bias parameter at a time. The
patch test should be conducted in accordance with section 5.1.4.1 of the HSSD. This process is
also described, in detail, in the MS PowerPoint presentation Multibeam_System_Calibration.ppt
included in Appendix 1.

Generally two lines of data must be acquired to resolve each bias. Vessel speed, direction
and/or seafloor slope will be specified for each line. Figure[L.2]illustrates the most efficient line
plan for conducting a patch test; however, lines for each bias may be completed in separate
areas if an ideal geographical location is unavailable. Once patch test data has been acquired,
system integration errors are determined by aligning slopes and targets acquired from different
directions and speeds.

Flat Areg E@Pﬁ' Ares

Figure 1.2: Most efficient line plan for MBES calibration testing.

If a MBES system has been configured with Precise Timing (see section 3.1.4.2), the hydro-
grapher must determine the latency of the $UTC serial timing string that synchronizes the ISIS
and Reson sonar clocks to the POS/MV. This procedure differs from the traditional methods for
determining navigation time latency, as described in detail in section V of ‘Upgrading NOAA
Multibeam Acquisition Systems to “Precise Timing”.” This document has been included in Ap-
pendix 3 (Precise_Timing_Setup.doc) and provides detailed procedures for configuring a MBES
system with Precise Timing.

Once bias correctors are determined for a system, the appropriate values should be entered
into the CARIS HVF for the corresponding vessel. If problems become apparent in the data
or any part of the echosounder system configuration is changed or damaged, a new system
calibration must be conducted.

1.5.5.2 Periodic Quality Assurance Checks

In accordance with section 5.1.4.1 of the HSSD, MBES confidence checks shall be performed
at least once during each survey conducted by multiple vessels that acquire overlapping data.
Surveys conducted with only a single vessel, shall perform confidence checks at least once
per week. A confidence check can be accomplished by comparing nadir MBES values to lead
line readings, VBES depths, or DLDG data. These comparisons should be conducted in an
area with a relatively flat and hard bottom, when sea conditions are calm. Any discrepancies
identified between sounding systems that are greater than the allowable depth error for the
corresponding survey must be investigated to determine if the equipment is in need of repairs.
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1.5.5.3 Documentation and Reporting Requirements

Each patch test conducted shall be documented in a MBES Calibration Table. A copy of this
table is provided in Appendix 1 (MBES_Cal Table.xls) with sample data entered in red font. In
addition to a MBES Calibration Table, a chartlet showing the test area and line plan, with line
numbers and headings clearly identified, shall be created for each system tested. The exact
format of these chartlets is left to the discretion of the hydrographer. Calibration information
shall be maintained by the field unit and available for review during Hydrographic Systems
Reviews and at the request of OCS. Copies of patch test documentation shall be submitted
with the DAPR for each applicable project.

Results of each MBES confidence check shall be recorded in a Sounding System Comparison
Log to be maintained by the field unit. A comparison log is included in Appendix 1 (Sound-
ing_Systems_Comparison.xls,) with sample data in red font. Sounding System Comparison
Logs shall be included in DAPR for all applicable projects.

1.5.6 Diver Least Depth Gauge (DLDG)

The DLDG is a portable, self-contained, diver-deployed instrument that measures pressure in
absolute pounds per square inch (PSIA). The gauge consists of an electronic pressure sensor,
LED readout, and rechargeable batteries housed in a water and pressure resistant enclosure
(see Figure[L.3). Least depth values are computed from the difference between surface pres-
sure (pre-dive) and the pressure observed by the diver at a feature’s least depth.

Figure 1.3: Front view of a diver least depth gauge model lll.

1.5.6.1 Calibration Requirements and Methods

Each DLDG used for OCS hydrographic surveys shall be calibrated annually. These instruments
should be submitted to the regional EED depot promptly after arriving for winter inport or
during another suitable period of inactivity. EED will arrange for the instruments to be returned
to the manufacturer for calibration and inspection. Field units that can not feasibly submit
DLDGs to the regional EED depot shall contact EED to coordinate a direct submission to the
manufacturer.

Once the DLDG calibration report has been received, a copy must be forwarded to HSTP.
HSTP personnel will generate, and provide to the field unit, a digital corrector file that must be
loaded into Velocwin software to facilitate DLDG pressure data processing. After calibration, a
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Sounding System Comparison including depths computed using the DLDG shall be performed
and recorded using the form provided in Appendix 1 (Sndng_Sys Comparison_Log.xls).

1.5.6.2 Periodic Quality Assurance Checks

Velocwin software includes a DLDG DQA utility, which compares the DLDG pressure measure-
ment in air to barometric pressure. This comparison routine should be performed daily to
record a relationship between the vessel’s barometer and the DLDG. The DLDG DQA should
also be performed before and after each day’s dive operations to provide a pre-dive and post-
dive record. If inconsistencies between the barometer and calculated DLDG pressure become
apparent, the DLDG may require repair or recalibration. The DLDG DQA routine in Velocwin
generates a graphic display of the DLDG pressure with respect to acceptable error margins.
The test passes if the new DLDG data point (red dot) lies within the two dashed lines repre-
senting the acceptable error boundaries, as shown in Figure [1.4] Prior Daily DQA results are
also displayed on this graph for comparison. Each time a Daily DQA is performed, the data are
appended to a digital file DIVERDAILYDQA.DAT.
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Figure 1.4: Velocwin DLDG daily DQA screenshot.

1.5.6.3 Documentation and Reporting Requirements

The manufacturer’'s DLDG calibration report, HSTP generated digital corrector file, and results
of the post-calibration Sounding System Comparison shall be maintained by the field unit and
available for review during annual Hydrographic Systems Review and at the request of OCS.
The DAILYDQA.DAT file and reports for any additional Sounding System Comparisons shall be
included in the DAPR for each applicable project.

1.5.7 Side Scan Sonar (SSS) Systems

NOAA hydrographic survey units use side scan sonar systems for both object detection and
object recognition. Side scan sonar is typically used in conjunction with a VBES or MBES sys-
tem to meet object detection coverage specifications for OCS surveys. Any SSS system used
for OCS hydrography must be capable of detecting an object on the sea floor with minimum
dimensions of 1 m x 1 m x 1 m, as stated in section 6.2.1 of the HSSD.



CHAPTER 1. SYSTEMS PREPARATION & MAINTENANCE 44

OCS uses both hull mounted and towed SSS system configurations. Horizontal accuracy for
SSS operations will depend on the system configuration, investigation technique, water depth,
and target density. However, the position of targets identified with side scan imagery must be
sufficiently accurate to relocate the item for least depth and survey position determinations,
usually via a MBES system. In general, side scan imagery should be capable of positioning point
features to an absolute accuracy of less than 10 meters. NOAA field units use various models of
side scan sonar for hydrographic survey operations. For the purposes of this document, these
systems will be treated as equivalent unless otherwise specified.

1.5.7.1 Calibration Requirements and Methods

Side scan sonar object detection and classification performance is largely a function of the orig-
inal system specifications. To ensure that side scan sonar systems used for OCS surveys con-
tinue to perform adequately, hydrographers shall return all side scan systems to the regional
EED depot for annual inspection and maintenance. If a towfish is equipped with a pressure
sensor, this must be serviced and calibrated as part of the EED annual maintenance. If a tow-
fish has been equipped with a transponder for locating the system if lost, new lithium batteries
shall be installed and the system tested using an interrogator as part of annual maintenance.

1.5.7.1.1 Offset Measurement and Verification Side scan system offsets must be mea-
sured and/or verified prior to performing a calibration. Depending upon whether the sonar
configuration is hull-mounted or towed, requirements for offset measurements will vary. Offset
requirements for each type of configuration are described below.

1.5.7.1.1.1 Hull-Mounted SSS Configuration For hull-mounted configurations, the
phase center of the side scan shall be precisely positioned during the vessel static offsets
survey. The phase center of the towfish is considered to be at the fore and aft midpoint of the
transducers and on the centerline in the athwartships and vertical axes.

When hull-mounting a SSS, particular attention must be paid to the alignment of the towfish
with respect to the keel of the survey vessel, as a very small alignment error can introduce
significant positioning errors in the data. For example, a heading alignment error of only 1°
will add 1.75 m horizontal positioning error at the edge of the swath on a 100-m range scale.
In extreme cases, it may be necessary to measure alignment error with a yaw patch test, and
enter a correction in the HVF. The field unit should contact the regional HSTP Field Support
Liaison for assistance with this test, if needed.

1.5.7.1.1.2 Towed SSS Configuration For towed SSS operations, static vessel offsets
should be measured to the towpoint. The actual towfish position is typically calculated using
towfish depth and cable out measurements. Towfish depth may be determined by a depth
sensor installed in the towfish or calculated by subtracting the towfish height (determined by
a separate echosounder installed in the towfish or the first return of each sonar ping) from
the depth of water (determined from a vessel echosounder). If a SSS is equipped with a pres-
sure sensor, its accuracy should be tested annually and whenever the horizontal positioning
accuracy of side scan targets is in doubt. Cable out can be estimated visually from calibrated
markings on the cable or measured with an electronic cable counter. Each configuration is
described below.

Note: When measuring cable out, the cable zero mark is not at its connection to the towfish,
but at the phase center of the sonar.
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o Marked Cable - Marked tow cables shall be measured using a survey grade metal tape
and clearly marked. Cable markings shall be in meters and enable visual interpolation
to a tenth of a meter. Since a cable jacket can stretch and slide over the conductors
during use, cable measurement markings shall be verified annually, and whenever the
hydrographer believes they may be in error.

o Cable Counter - Electronic cable counters shall be configured according to the manufac-
turer’s instructions. The hydrographer shall verify the accuracy of the cable counter by
comparing manual and electronic cable measurements at a range of cable lengths. This
check shall be conducted annually, whenever the counter, cable, or sheave configuration
is changed, and whenever the hydrographer believes there may be a cable measurement
error. Note: For some cable counters, the serial data output being logged may be in differ-
ent units than what is shown on the cable counter display. In such cases, the hydrographer
may need to perform a conversion on raw cable out data either prior to logging or during
post-processing.

1.5.7.1.2 SSS Calibration As partof Annual Systems Preparation, the field unit shall demon-
strate that all side scan sonar systems to be used for OCS hydrographic surveys are capable
of meeting object detection standards set forth in section 6.2 of the HSSD. An operational SSS
Calibration Test shall be conducted to demonstrate the system’s ability to detect and accu-
rately position seafloor targets across the system’s range on both sonar channels. Test in-
formation shall be recorded in a SSS Calibration Table. This table is provided in Appendix 1
(SSS_Cal_Table.xlIs) with sample data entered in red font.

The SSS Calibration test shall consist of a minimum of 10 side scan passes on a target ap-
proximately 1 m x 1 m x 1 m. The target shall be imaged from a variety of ranges and directions,
with survey speed, water depth, and weather representative of typical survey conditions. Al-
though dedicated test targets can be used for this check, targets of opportunity, such as buoy
blocks, lobster pots, and appropriately sized rocks, may be sufficient. The hydrographer should
use alternate systems (e.g., MBES) to determine a high accuracy absolute position of the target
for comparison with SSS detected positions.

Figure shows the OCS recommended line plan for conducting a SSS Calibration Test.
Note that this line plan balances ensonifications on the port and starboard channels, across the
range scale, from different target aspects, and from different directions. This approach assists
the hydrographer in differentiating systematic and random errors in detection and positioning.
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Figure 1.5: Recommended line plan for SSS calibration testing.

Test data shall be processed according to standard OCS hydrographic survey procedures and
evaluated to identify any systematic problems with the sonar or vessel offsets. If the contact is
not detected in at least nine of the 10 passes, the SSS towfish should be carefully inspected for
damage and the system re-tested. If detection remains problematic, the field unit shall contact
EED and the regional HSTP Field Support Liaison for guidance.

Successful object detections shall be used to compare the mean detected position with
the absolute target position and to compute the approximate 95% Confidence Radius for the
system. This radius should not exceed 5 meters for hull-mounted systems and 10 meters
for towed systems. Several methods can be used to estimate the 95% Confidence Radius.
A simple option is to plot the detected target positions in Mapinfo, and use the “Compute
Statistics” function to compute the sample standard deviation of the x and y components of the
detection positions (computing statistics of the Eastings and Northings yields values in meters).
Assuming a normal distribution, 95% of the samples will fall within 1.96 standard deviations of
the mean. If the distribution of detections is similar in x and y, the 95% Confidence Radius
is roughly 1.96 times the square root of the sum of the squares of the standard deviation of

detected positions in x and y: 95% con fidence radius ~ 1.96, /02 + o2

If the distributions in x and y are not similar, it is likely that a systematic bias exists that was
not canceled by ensonifying the target from multiple ranges and directions.

Similar results can be obtained by measuring the error for each detection (the distance from
the absolute target position to the detected position) and computing the sample mean and
standard deviation of the errors. The approximate 95% Confidence Radius is then the sample
mean plus 1.96 times the standard deviation.
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1.5.7.2 Periodic Quality Assurance Checks

At least one confidence check of a SSS system shall be conducted each day the system is used
for data acquisition. These checks should be in accordance with section 6.3.1 of the HSSD and
consist of detecting a discrete object at the outer range scale limits for each sonar channel (i.e.,
port and starboard). Confidence checks shall be annotated in the daily data acquisition records.
If these confidence checks repeatedly show discrepancies with expected performance, a new
System Calibration may need to be performed.

Before surveying with a SSS system that has been either reconfigured or in storage, a “rub
test” should be performed. The rub test is a simple procedure wherein a hydrographer ob-
serves the SSS trace while an assistant physically rubs one transducer on the towfish and then
the other while the system is pinging. As the assistant rubs the transducer, the hydrographer
should see a return on the corresponding channel of the imagery. A rub test failure can indicate
system errors such as incorrect gain or power settings, a faulty cable, or damaged transduc-
ers. This test should be conducted while the towfish is out of the water and dry, to avoid the
possibility of electric shock.

Caution: Do not leave a SSS towfish turned on for more than 5 minutes while out of the
water. These are water-cooled systems and can be damaged by excessive heat buildup if left
on when not deployed.

1.5.7.3 Documentation & Reporting Requirements

In addition to a SSS Calibration Table, a chartlet showing the test area, actual target position,
test line plan, positions of successful detections, and approximate 95% Confidence Radius for
the target location shall be created for each system tested. The exact format of these chartlets
is left to the discretion of the hydrographer. This information shall be maintained by the field
unit and available for review during Hydrographic Systems Reviews and at the request of OCS.
Documentation for SSS Calibration Tests conducted shall be included with the DAPR for each
associated project.

There is no requirement to individually document and report SSS confidence checks re-
quired in section 1.5.7.2 above. Hydrographers shall verify that these checks were conducted,
describe the results, and discuss any problems encountered in the Quality Control section of
each applicable Descriptive Report.

1.5.8 Tide Gauges

Tide gauges are used to measure water levels for calculating bathymetric data correctors. In
any given tidal area, water level data account for the largest vertical correction to soundings.
However, water levels vary due to both astronomical tides and effects from other forces such
as wind, rain, barometric pressure, and freshwater runoff. Even in areas where tidal range is
small, such as the Gulf of Mexico, the total water level variations can still be large enough to
significantly affect sounding accuracy. If water level values are not properly measured and
applied, then hydrographic error budget requirements may not be met.

1.5.8.1 Calibration Requirements & Methods

Tide gauges, batteries, GOES antennas, battery cables, regulators, and other tide gauge equip-
ment are typically maintained and calibrated (if necessary) by CO-OPS staff on an annual basis.
Field units should contact the local Operations Branch of the CO-OPS Field Operations Division
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immediately after the close of the field season to arrange for servicing of any gauges deployed
with the unit. As the field unit prepares for the upcoming field season, the unit should discuss
tide gauge requirements with FOD as soon as project assignments are known.

Field units should thoroughly test all tide gauge equipment, including that serviced by CO-
OPS, as part of the Hydrographic Systems Readiness Review process.

1.5.8.2 Periodic Quality Assurance Checks

When a field unit installs a tide gauge for hydrographic surveys, it is responsible for opera-
tion and maintenance of that gauge for the duration of the survey. As such, it behooves the
hydrographer to conduct a full functional check of all gauge equipment immediately prior to
installation. Once the gauge is installed, the following checks should be conducted:

o The hydrographer should monitor the daily Hydro Hotlist email to ensure that gauge data
are being received by CO-OPS and pass quality checks. (Note: the hydrographer must
specifically request CO-OPS to add gauges to the Hydro Hotlist. See Section 3.4.2.3.1 for
additional information.)

o If GOES transmissions are not possible from the tide station site, the hydrographer should
visit the station every few days to ensure to ensure that data are being recorded. The
hydrographer should download recorded data on these visits, check the water levels to
ensure a smooth curve consistent with predictions (if available), and transmit the data to
CO-OPS.

o Regardless of the status of the satellite uplink, the hydrographer should visit the station
site approximately weekly to check the physical integrity of the installation. These checks
should include the following:

o Confirm that gas pressure is adequate to last until the next visit, and check for gas
leaks at tubing connections (for bubbler gauges).

o Check battery voltage to confirm that the solar cells are providing adequate charging
current.

o Check for physical stability of the gauge by performing a minimum of 1 hour of staff
readings for comparison with recorded data.

o These station checks are particularly critical immediately before and after an extended
absence from the survey area (such as a port call).

If problems are observed with water level data an on-site assessment should be conducted and
field units should contact CO-OPS to determine the preferred course of action.

1.5.8.3 Documentation and Reporting Requirements

Since tide gauge equipment is maintained by CO-OPS, annual field unit calibrations are not re-
quired. Tide gauges do not need to be addressed during Hydrographic Systems Reviews aside
from being listed in the Hardware Systems Inventory. Any tide gauge problems encountered
during survey operations shall be described, including any subsequent effects to survey data,
in applicable DAPRs or DRs.
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1.5.9 Leveling Equipment

Geodetic leveling equipment is used to measure elevation differences between benchmark
locations and to extend vertical control from established benchmarks to water level measuring
equipment or a water level staff. For hydrographic survey operations, this equipment consists
of a compensator leveling instrument and level rod. The quality of the vertical datum measured
is partially dependent on the quality of the leveling performed between benchmarks and the
water level staff or equipment. It is important to properly maintain leveling instruments and
rods to ensure that they are within calibration tolerances.

It is OCS policy to follow the standards and procedures established by CO-OPS for calibrat-
ing and operating leveling equipment used to survey water level stations. These requirements
are described in the NOS User’s Guide for the Installation of Bench Marks and Leveling Re-
quirements for Water Level Stations (User’s Guide), published by CO-OPS and included on the
Hydrosoft DVD. These requirements are summarized here, but the hydrographer should refer
to the User’s Guide for specific information on leveling operations.

1.5.9.1 Calibration Requirements & Methods

For OCS hydrographic survey operations, level surveys shall be conducted to at least third
order accuracy standards. The minimum scale calibration standard for level rods being used
for third order surveys is the manufacturer’s standard. Level rods do not have a recommended
time period between scale calibrations. If an error is suspected in a rod scale, the rod may be
calibrated and certified by an approved laboratory.

No leveling instrument is perfectly aligned. The angle from which the line of sight departs
from the actual level surface when the instrument is leveled is referred to as collimation error.
To minimize collimation error, the leveling instrument shall be serviced and adjusted during
Annual Systems Preparation and whenever a collimation error cannot be reduced to acceptable
tolerances in the field. This service shall be performed by a qualified, manufacturer-approved
technician.

The hydrographer shall verify the collimation of leveling instruments after annual calibra-
tion. Collimation shall be checked according to either of the two approved methods described
in section 3 of the User’s Guide. The collimation error should be no greater than £ 0.05 mm/m.
If it exceeds this tolerance, the level instrument must be adjusted and another check per-
formed. Collimation Checks shall be processed and documented on NOAA Form 75-29 (or an
equivalent) according to the procedure and example in section 3 of the User’s Guide.

1.5.9.2 Periodic Quality Assurance Checks

Collimation and general performance of leveling equipment shall be verified prior to each lev-
eling survey by repeating the collimation check. If collimation error exceeds = 0.05 mm/m, the
level instrument must be adjusted and another check made until the error can be successfully
reduced below this threshold.

1.5.9.3 Documentation and Reporting Requirements

Collimation check and calibration records for leveling equipment used for OCS hydrographic
surveys shall be maintained by the field unit and available for review during Hydrographic Sys-
tems Reviews and at the request of OCS. Leveling equipment and dates of calibration shall be
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reported in the Hydrographic Systems Inventory. Documentation for any subsequent collima-
tion checks and/or calibrations conducted shall be included in the DAPR for each applicable
project.

1.5.10 Horizontal & Vertical Control Equipment

No standard calibration requirements have been implemented at this time for horizontal and
vertical control equipment. This equipment should be maintained per the manufacturer’s rec-
ommendations until further guidance is provided.

1.5.10.1 Calibration Requirements & Methods

No standard calibration requirements have been implemented at this time for horizontal and
vertical control equipment. This equipment should be maintained per the manufacturer’s rec-
ommendations until further guidance is provided.

1.5.10.2 Periodic Quality Assurance Checks

No periodic quality assurance checks have been implemented at this time for horizontal and
vertical control equipment. This equipment should be periodically checked per the manufac-
turer’'s recommendations until further guidance is provided.

1.5.10.3 Documentation & Reporting Requirements

Calibration and quality assurance documentation for horizontal and vertical control equipment
used for hydrographic surveying shall be maintained by the field unit and available for review
during Hydrographic Systems Reviews and at the request of OCS. Horizontal and vertical con-
trol equipment and dates of calibration (if applicable) shall be reported in the Hydrographic Sys-
tems Inventory. Documentation for any subsequent calibrations or quality assurance checks
conducted shall be included in the DAPR for each applicable project.

1.6 Software Systems

Computer software plays an essential role in NOAA's hydrographic surveying operations and
must be managed with care and attention to detail. Hasty dissemination of new programs and
updates to field units may allow for rapid resolution of problems and implementation of new
features, but can also lead to fragmented, nonstandard configurations across the fleet. For this
reason, it is important that each field unit ensure, at least during Annual Systems Preparation,
that their systems are up-to-date with the most current approved versions of survey related
software.

Software packages will evolve, through various versions and updates, during the course
of a field season. Field units will typically want to operate with the most up-to-date software
available; however, it should be noted that application of newly released updates in a pro-
duction environment can have unforeseen consequences that may adversely impact efficiency
and data quality. Any mid-season software changes should be carefully documented so that
the field unit can revert to a prior software version if problems arise. OCS has established the
following basic guidelines for maintaining, updating and testing software.
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All field units should incorporate adequate computer and software maintenance periods
into their annual schedules. This should be planned to coincide with a period of relatively low
operational activity, typically winter inport for ships. Field units should use this opportunity to
install and configure software on new computer systems and conduct comprehensive rebuilds
of systems to be retained. In general, “rebuilding” a system entails the following steps:

1. Back-up all storage devices attached to the system (local hard drives).
2. Reformat storage devices

3. Complete any scheduled hardware upgrades (new drives, memory, etc.)
4

. Load the latest approved version of the operating system and mission software (standard-
ized to the greatest extent possible across the platform).

5. Restore only essential data from the back-up.

This practice has been particularly useful on Microsoft Windows-based systems with multiple
users, as it enforces software and configuration standardization and limits retention of unnec-
essary data or software that may adversely affect system performance.

NOAA personnel seeking information on hydrographic software updates should consult HSTP.
HSTP is the first point of contact for most commercial hydrographic software packages in use
by NOAA hydrographic field units and is directly responsible for writing and maintaining many
of the in-house programs used for OCS surveys. Prior to installing software upgrades, it should
be ascertained that the new version or update has been tested and approved for use. The field
unit’s regional HSTP Field Support Liaison should be able to answer questions about software
availability and testing.

Aboard NOAA hydrographic survey ships, EED shares responsibility for maintenance of hy-
drographic survey computer systems and software. Traditionally, EED has maintained com-
puter hardware, operating systems, and data acquisition software, while OCS has been re-
sponsible for survey planning and data processing software, but these lines are often blurred.
Shipboard hydrographers should, therefore, coordinate all software requests and changes with
the embarked Electronics Technician, as well as with HSTP.

There will be cases where a critical software problem warrants installation of an upgrade
before HSTP or EED has rigorously tested and/or verified its functionality. Hydrographers are
encouraged and expected to exercise common sense in these cases. If external testing is not
possible, field units should establish an internal software test program, document the proce-
dures and results, and report their findings to HSTP and EED, so other units can benefit from
their experience.

1.6.1 Types of Software Systems
1.6.1.1 Computer Operating Systems (OSs)

The operating system is a computer’s most fundamental software and it affects the perfor-
mance of all other programs running on a machine. Typically, NOAA's hydrographic survey
computer systems use the Microsoft Windows environment. New versions or significant up-
dates (such as Service Packs) for any OS should not be installed until the hydrographer has
consulted both EED and HSTP. These groups must confirm that mission-critical software has
been successfully tested under the proposed new OS version prior to installation on any system
used for hydrographic survey operations. OCS discourages major mid-season OS upgrades (for
example, switching from Windows 2000 to Windows XP) and suggests that field units attempt
to maintain a standard OS on all data acquisition and processing systems.
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OCS will not notify field units of available OS upgrades unless the update is critical to main-
tain functionality or compatibility with hydrographic systems. However, most OS vendors have
an automatic notification system for critical updates. Field units with Internet access can also
check the OS vendors’ websites to determine if updates are available. Complete OS upgrades
should be acquired through EED (if shipboard) or via the field unit’s chain of command.

1.6.1.2 Data Acquisition Software

Data acquisition software is used to directly control hydrographic survey equipment and log
digital data acquired by various survey instruments. These programs are considered the most
critical software aboard a hydrographic survey platform, and extreme care must be exercised
when installing or updating the systems. Installing software with new features, and possibly
bugs, can produce data that appear normal at the time of acquisition, but are later found
to contain errors. In such cases, the data may be uncorrectable and completely unusable,
resulting in a significant loss of efficiency while the area is resurveyed. Common hydrographic
data acquisition software packages used by NOAA field units are presented in Table[1.1]

| Software Package | Manufacturer | Common NOAA Uses \
HypackMAX Hypack VBES and MBES acquistion; survey line navigation
IsisSonar Triton Imaging | SSS and MBES acquistion; survey line navigation
HydroStar Elac MBES acquisition
SonarPro Klein SSS acquistion
SIS Kongsberg MBES acquisition

Table 1.1: Common OCS Data Acquisition Software Packages.

OCS recommends that data acquisition software updates be performed during Annual Sys-
tems Preparation. Field units wishing to install updates during normal operational periods shall
contact the regional HSTP Field Support Liaison to determine if the new version has been suc-
cessfully tested in a controlled environment. Occasionally, it may be necessary to install a
critical update without prior HSTP testing. In such cases, field units should first document the
existing software version settings so that it can be reinstalled if the update causes more severe
problems. The software upgrade should then be installed on a limited basis to minimize the
effects of any bugs encountered. Proper testing of new software may require several days of
standard field operations to fully assess its functionality. Field units should process and thor-
oughly examine resulting data for errors prior to making a unit-wide installation.

HSTP maintains support agreements with most manufacturers of data acquisition software
packages used by OCS. Although some companies may contact individual licensees directly
when updates are available, this communication is typically routed through HSTP or EED. When
a period of relative inactivity suitable for computer system maintenance is approaching, field
units should contact the regional HSTP Field Support Liaison and assigned EED Electronics Tech-
nician (if applicable) for any approved data acquisition software upgrades that are available.

1.6.1.3 Data Processing Software

Data processing software are those programs used to manipulate and analyze survey data.
Typically, data processing mistakes or errors can be repaired by simply repeating a step or, at
worst, by reconverting and reprocessing the raw data. Although reconverting and reprocess-
ing can lead to time consuming rework, the results of data processing software problems are
generally not catastrophic. Common hydrographic data processing software packages used by
NOAA field units are presented in Table[1.6.1.3]
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| Software Package | Manufacturer | Common OCS Uses
HIPS / SIPS CARIS bathymetry and imagery data processing
Notebook CARIS survey planning and processing
Maplinfo Maplinfo survey planning; survey product creation
Fledermaus IVS 3D 3D survey data visualization
Pydro NOAA survey data analysis; report creation; TCARI tide application
Velocwin NOAA sound velocity profile processing
Hydro Ml NOAA survey line planning; tide file creation

Critical updates for data processing software may be issued frequently, often leaving HSTP
with insufficient time to thoroughly test each update before implementation in the field. In such
cases, field units should install updates on a limited basis and test basic functionality prior to
making a unit-wide installation.

HSTP maintains software support agreements with most data processing software manu-
facturers, many of which notify users directly when new updates are available. The following
update procedures for specific processing software packages have been established by OCS:

o CARIS products: All NOAA hydrographic field units should be receiving weekly email from
CARIS describing any new releases. Any field units not subscribed to this service should
contact the regional HSTP Field Support Liaison to register.

o HSTP products (Pydro, Hydro_MI, Velocwin): HSTP will notify field units directly when criti-
cal updates are available.

o IVS 3D: Units interested in receiving email notification of Fledermaus updates can sub-
scribe to the IVS email list. See http://www.ivs3d.com/support/mailing_list.html for more
information.

o Maplnfo: All Maplinfo licenses are covered under a global maintenance plan managed by
HSTP. HSTP will notify field units directly when critical Maplnfo updates or patches are
available.

1.6.1.4 Support Software

Support software includes any packages that are used as part of the hydrographic survey pro-
cess, but do not directly interact with data. However, they may be used to create digital
products that accompany survey data and, as such, must be compatible with systems through-
out OCS. Examples of support software that may be in use by a field unit include NOAA Chart
Reprojector, Paint Shop Pro or AutoCad.

Although OCS does not notify field units of upgrades to these packages unless there is a
pressing operational need, most vendors provide email update notification to registered users.
Field units should coordinate with OCS to ensure that support software is in compliance with
NOAA standards and compatible with survey systems.

1.6.2 Software Repositories

Once a field unit has determined that a software upgrade is approved, available, and desirable,
the digital files must be acquired. While some vendors will provide these upgrades on phys-
ical media, users are often expected to download updates via File Transfer Protocol (FTP) or
from Internet websites. HSTP posts both commercial and in-house software upgrades to OCS’s
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anonymous FTP server (IP address 205.156.4.84). Note: NOAA field units can not upload data
to the FTP server.

If field units are outfitted with reliable high speed Internet access, software can be easily
downloaded from vendor sites or the FTP server. However, some of NOAA's hydrographic field
units have limited bandwidth for accessing the Internet or for receiving email attachments;
thus, an alternate means of obtaining software upgrades may be necessary. Field units should
consider other connection sites, such as public libraries or Internet cafés, or contact the re-
gional HSTP Field Support Liaison to have updates mailed on CD or other media.

1.6.3 Documentation & Reporting Requirements

Each computer used to acquire or manipulate hydrographic survey data shall be included on
the Software Inventory portion of the Hydrographic Systems Inventory. Installations and up-
dates for primary software packages shall be recorded for each computer, as shown by the
sample data (red font) included on the Software Inventory spreadsheet. Additionally, a record
of system settings for hydrographic data acquisition software shall be created and updated
throughout the field season. If a software system has the capability to output a file identifying
all configuration settings (e.g., ISIS survey.log file), a copy of this file will meet system set-
tings reporting requirements. Otherwise, the field unit will need to manually generate a digital
record (e.g., a spreadsheet).

Software documentation shall be maintained by the field unit and available for review during
Hydrographic Systems Reviews and at the request of OCS. A copy of the Software Inventory
and system settings records in effect during operations shall be included in the DAPR for each
respective project.

1.7 Personnel Rosters

People are the most essential component of any hydrographic survey system, and training
hydrographic personnel is a critical element of survey preparation for any field unit. Even
if all hardware and software systems are functioning correctly, data quality and operational
efficiency will suffer without properly qualified hydrographers. Guidelines for training and qual-
ification of hydrographic personnel are described below.

For the purposes of this manual, “hydrographic personnel” are defined as those members
of a field unit’'s complement (permanent or temporary duty) whose normal duties include re-
sponsibility for any activities that directly affect survey planning, data acquisition, or data pro-
cessing. In addition to Physical Scientists, Survey Technicians, Commissioned Officers, and
others in immediate control of survey operations, this includes launch coxswains and Officers
of the Deck (OODs) responsible for operating vessels during surveying; visitors who participate
in data acquisition and processing without direct supervision; and the unit’s command. Sup-
port personnel, such as marine engineers, stewards, and members of the deck department not
acting as launch coxswains, are not typically considered “hydrographic personnel”. However,
if survey operations will be significantly impacted by any of the aforementioned groups, e.g.
an insufficient number of engineers to perform planned 24-hour operations, these situations
should be mentioned in the Hydrographic Systems Readiness Memo described in[1.1.1]
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1.7.1 Personnel Qualifications & Training

Standard hydrographic training and qualification requirements are not currently established
for NOAA's hydrographic personnel. Therefore, it is incumbent on each field unit to establish
internal standards to ensure that hydrographic personnel are adequately qualified to safely and
efficiently accomplish the unit’s mission. Such a program of training and qualification can be
crafted from any of several available components including, but not limited to, the following:

1.7.1.1 Internal Training and Qualification Standards

These are standards of training and qualification developed by the field unit to meet the par-
ticular needs of its configuration and mission. Examples include:

o Launch Hydrographer-in-Charge (HIC) workbook and qualification
o Launch Person-in-Charge (PIC) workbook and qualification
o Launch Coxswain workbook and qualification

o Officer Of the Deck (OOD) workbook and qualification

1.7.1.2 NOAA Hydrographic Training

The Office of Coast Survey organizes an annual basic hydrographic training program (“Hydro-
training”). One session per year is offered at a location on each coast, typically Norfolk, VA and
Seattle, WA, and all new survey personnel are encouraged to attend. Subject to demand and
available funding, sessions on advanced topics suitable for hydrographers with more than one
year of experience may also be offered in conjunction with the basic course.

CO-OPS is available to provide training on basic tidal theory, tide gauge installation, dis-
crete tide zoning and TCARI methodology. Elements of these topics are covered in basic hydro-
training, but field units may choose to schedule additional training with CO-OPS to meet their
specific needs.

1.7.1.3 External Training

Hydrographers may be eligible to pursue hydrographic qualifications from an outside agency
or organization such as the American Conference on Surveying and Mapping (ACSM).

1.7.2 Reporting Requirements

Although the Hydrographic Systems Inventory includes only a basic roster of hydrographic
personnel, deficiencies in either numbers or qualification of personnel should be noted in the
Hydrographic Systems Readiness Memo described in[1.1.1]

Additionally, OCS recommends that each field unit maintain a record of personnel train-
ing and qualifications. Formally documenting personnel training and qualifications will assist
Chiefs-of-Party in assessing the readiness of their personnel. This record can also help iden-
tify hydrographic training needs, enabling units to request and allocate resources accordingly.
Copies of curriculum and/or requirements for any internally crafted qualification or training
should be maintained by the field unit for reference purposes.



Chapter 2

Pre-Survey Planning

In preparing for battle | have always found that plans are useless, but planning is
indispensable. — Dwight D. Eisenhower

Pre-survey planning is essential for any field unit to effectively and efficiently conduct hydro-
graphic survey operations. When planning operations, the hydrographer must keep in mind the
assigned survey specifications and approved methods for meeting those criteria. This Chap-
ter describes information that will be provided to a field unit when a hydrographic survey is
assigned and provides project preparation and survey planning guidance.

2.1 Crew & Vessel Safety

Above all, every member of the field party should understand that safety of the crew and
vessel is the number one priority. Safety shall be the foremost consideration in all aspects
of Office of Coast Survey (OCS) hydrographic surveys, from the planning stages through data
submission. It is the responsibility of the Chief-of-Party, as well as vessel crew, to be aware of
safety hazards and take steps necessary to ensure undue risks are avoided, even if it means
ceasing operations.

Good planning and information can minimize risks associated with hydrographic surveying.
Recommended practices to increase safety include, but are not limited to the following:

o Use historical weather information to prepare for seasonal patterns.

o Review the survey region for exposed areas, constricted areas, shallow areas, surf, etc.
Plan on surveying challenging areas when weather, tides, and currents are optimal.

o Review prior survey Descriptive Reports (DR) and smooth sheets for uncharted hazards.
Often, the DR will describe deficiencies, hazards, and challenges from prior surveys and
field experience.

o Work progressively from safe water towards unknown, shallow, or potentially hazardous
areas.

o Use daily survey information progressively in the field to minimize hazards. Communicate
survey and safety information to all personnel involved in operations.

o Read AWOIS descriptions to understand hazards and survey the feature safely.

56
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o Understand the limitations of charted and source information and approach features con-
servatively during initial operations.

2.2 The Project CD/DVD

When a hydrographic survey is assigned, the HSD Operations Branch (OPS), or the NSD Navi-
gation Response Branch (NRB) if the unit is an NRT, will generate and compile relevant project
information onto a Project CD/DVD. This information will include project instructions, as well as
supporting information and data files to be used during field operations and subsequent survey
processing. Copies of the Project CD/DVD will be disseminated to the field unit and appropriate
hydrographic branch (AHB or PHB). The file structure illustrated in Figure[2.I]represents that of
a typical Project CD/DVD.

= [) OPR-X#&&-KN-8#
IC5) ATONs
[ AWOIS Ttems
|} Coast Filot Sections
I3) ENC
| Histaric Preservation Correspondence
I) Junction_Surveys
|Z) Maplnfo Data
| Monthly Reports
=l |2 Prior_Surveys
+ =) DR
+ | ) Geodas
+ | ) Smoothsheet
|} Project Instructions
I RUST
=l |} Shoreline
|3 Chart Evaluation Flle
|Z) Compasite Source File
|[Z) Project Reference File
|y Raster
= | ) Vector
|2 Metadata
|Z) Survey Request Info
=l |} Tides
|3 Predicted
|20 Tides Leveling Info {not required unless spedfied in PT)
|Z) Zones
+ | ) Reference Documents
+ | _) Standard Operating Procedures

Figure 2.1: Project CD Directory Structure.

2.2.1 Hydrographic Survey Project Instructions

The Hydrographic Survey Project Instructions (formerly called Letter Instructions) will identify
specific requirements for a survey project. Project Instructions will be included on the Project
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CD/DVD and can be equated to a Requirements Document or Statement of Work. Field units
shall acknowledge receipt of Project Instructions via email to the assigned OPS Project Manager
or the NRB Technical Assistant.

2.2.2 Supporting Project Information

Extensive supporting project information will be provided on the Project CD/DVD. The following
items are typically included: AWOIS database records, Mapinfo tables and workspaces, shore-
line files, preliminary tidal zoning, a monthly reporting template, data, imagery and metadata
for prior and junction survey coverage, various reference guides, copies of the latest NOAA
ENCs and raster charts, relevant Coast Pilot sections, historic preservation correspondence,
and records for ATONs to be positioned. The naming conventions for project information files
generated at OPS or NRB may vary slightly, but will typically reference the applicable project
number or survey sheet number.

2.2.2.1 Aids to Navigation (AToN) Records

NOAA's Update Service Branch (USB) will review NOAA's Critical Corrections Database (CRIT)
and/or USCG Integrated Aids to Navigation Information System (IATONIS) database to identify
ATONSs within the survey area that require positioning. Records for each assigned ATON will
be provided by USB for inclusion on the Project CD/DVD. ATON records will include the current
database position for each assigned ATON, position accuracies or positioning methods that
were used (if available), and any special positioning requirements.

2.2.2.2 Automated Wreck and Obstruction Information System (AWOIS)

AWOIS is a database of wrecks and obstructions in the coastal waters of the United States
that includes each item’s position, a brief history, and other descriptive details. Items in the
database may have been found during hydrographic surveys or reported by miscellaneous
sources. If an AWOIS record has been disproved, the item will typically remain in the database
with a disproval noted. It is rare for a record to be deleted from the AWOIS database; thus, not
all AWOIS items will appear as features on the current nautical chart. The OPS Project Manager
or the NRB Technical Assistant will assign AWOIS items to the field unit for investigation. AWOIS
search radii are assigned based upon extensive research of historical documents and factors
such as the original source of the feature and the quality of that feature’s positioning. Records
for assigned AWOIS items will be provided on the Project CD/DVD in MS Access format, with
corresponding Maplnfo tables. This subset of the master AWOIS database will contain all items
falling within the limits of the particular project, as well as any critical items in close proximity
to the survey area.

Prescribed investigation requirements for each AWOIS item will be specified in its database
record. The AWOIS Database User’s Guide, included in Appendix 2 (AWOIS_Database_User’s_
Guide.pdf), contains an explanation of each field within an AWOIS record. The database record
number, assignment status, type of investigation required, minimum search radius (in meters)
for disproval, acceptable methods for disproval, and any special investigation requirements
will all be included in the AWOIS record. If an item has been "Assigned" with a "Full" search,
an investigation of the entire assigned search radius, using a prescribed method, shall be con-
ducted by the field unit, provided the investigation can be completed safely. Some AWOIS
items may be “Assigned” for “Information” purposes only. These items may have been previ-
ously disproved or recently verified and would not warrant a specific investigation unless the
record is found to be in error by the current survey. In such cases, a “Full” investigation shall



CHAPTER 2. PRE-SURVEY PLANNING 59

be conducted for the item. “Unassigned” items are provided as a reference for possible fea-
ture correlation. These items do not require an investigation, nor should they be addressed in
the Descriptive Report unless detected during survey operations. Questions regarding AWOIS
items or the AWOIS database should be directed to the OPS Project Manager.

2.2.2.3 Coast Pilot Sections

Sections of the Coast Pilot pertaining to the largest scale chart that encompasses the project
area shall be reviewed for additions and discrepancies in accordance with section [3.5.6] of this
manual. The NSD Coast Pilot Branch will provide digital copies of relevant Coast Pilot sections
for inclusion on the Project CD/DVD. The date of last revision for the Coast Pilot data provided
will be clearly identified in the digital file.

2.2.2.4 Electronic Navigational Charts (ENCs)

This directory will include all ENCs affected by the project area. The supplied ENCs will be the
latest editions available to OPS or NRB at the time the Project CD/DVD is created. The most
current official ENC available to the field unit, which may not always be the edition originally
provided on the Project CD/DVD, shall be used for comparison to survey data. Both Local
Notice to Mariners (LNM) and Notice to Mariners (NTM) publications should also be consulted
periodically to identify new chart corrections.

Guidance documents for encoding S-57 objects will also be included in the “Reference Doc-
uments” directory. If an ENC needs to be viewed in a GIS environment, a converter may be
downloaded from the NOAA Coastal Services Center website http://www.csc.noaa.gov/bins/
tools.html.

2.2.2.5 Historic Preservation Correspondence

0OCS, as a unit of a federal agency, has responsibilities under Section 106 of the National His-
toric Preservation Act (NHPA, 16 U.S.C. 470 et seq.) to take into account the effects of its
undertakings on historic properties. The process for federal agencies in complying with the
NHPA is laid out in 36 C.F.R. Part 800, which prescribes consultation with the State Historic
Preservation Officer (SHPO).The files related to that consultation will be saved in this folder.
The Hydrographic Surveys Division is responsible for taking care of the consultation process.
HSD will simply but the correspondence in this folder as background information for the field
units.

2.2.2.6 Junction Surveys

All field units are required to ensure continuity in survey coverage and depth by evaluating
junctioning or overlapping surveys. Assigned surveys may include a junction with contempo-
rary data from a recent field season. If these junction survey data are not provided on the
Project CD/DVD, they should be available either on the field unit's data storage devices or
from the appropriate hydrographic branch. If historical junction survey data are available, the
Project CD/DVD will include both the Descriptive Report and a raster image of the smooth sheet
for each survey, if available. Raster image files will require manual geographic registration in
Mapinfo. The OPS Project Manager or NRB Technical Assistant may register one or more of
these raster files while performing historical research. In such cases, the corresponding Map-
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Info file will also be provided. The Project Instructions will indicate if a junctional survey is in a
projection and datum other than UTM NAD83 and requires a datum conversion or reprojection.

2.2.2.6.1 Junctioning with Light Detection and Ranging (LIDAR) Surveys LIDAR junc-
tion data will be provided in S-57 (.000 or .HOB) format on the Project CD/DVD. In most cases,
features found by the LIDAR survey will be added to the Composite Source File (CSF) as an
existing feature. However, in some cases due to complexity these features may remain as
standalone S-57 files. LIDAR investigations will be added to the Project Reference File (PRF).
Field units should obtain the required coverage type to the LIDAR extent line or the Navigation
Area Limit Line (NALL), whichever is further offshore. Verify or disprove all LIDAR investigation
items seaward of the NALL. The following list of table indicate typical LIDAR deliverables.

TECSOU ‘found by laser’ should be used for all LIDAR items. Maintaining the ‘found by
laser’ TECSOU is the best way to sort out LIDAR features from others on the Field_Verified and
Disprovals hob layers. For instance, a LIDAR item is edited for height, so it adopts the new
survey’s SORDAT and SORIND, but the TECSOU remains “found by laser”. This will alert PHB
that the feature originated from LIDAR.

For LIDAR features that are non-investigation items that lie outside of the LIDAR Good Line
(LGL), because they lie outside the LGL there will be presumably full coverage over the feature
using techniques that supersede LIDAR (MBES, SSS, DLDG and VBES). These LIDAR features
can be ignored as far as deliverables are concerned and used as For Your Information Purposes
Only to aid in planning and safe boat operations.

The standard practice for coverage overlap between LIDAR and MB surveys is to overlap
one swath width inshore of the LGL.

The following files will be included on the Project CD/DVD for juctioning with LIDAR data.

] File Name | S-57 Object | Description \
Hxxxxx_LI_Feat.000 [various] All features detected by LIDAR.
Hxxxxx_LI_Feat.hob
Hxxxxx_LI_Inv.000 BUAARE Placeholder indicating features

recommended for field verification.
Hxxxxx_LI_Inv.hob $LINES LIDAR junction line.

Table 2.1: S-57 and CARIS HOB files included on the Project CD/DVD for junctioning with LIDAR
data.

] File Name \ Description \
[ Hxxxxx_LI_BASE_3m | 3 meter resolution surface. \

Table 2.2: CARIS file included on the Project CD/DVD for juctioning with LIDAR data.

] File Name \ Description \

Hxxxxx_DR.pdf Descriptive report and appendices.
Hxxxxx_LI_ChartComp.xls LADS chart comparison results.

Table 2.3: Other files included on Project CD/DVD for junctioning with LIDAR data.

The following Objects were used as placeholders in the LI_Investigation and LI_Undected
HOB files.
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| Object Class | Description \

$CSYMB An area where least depth was not
determined due to poor water condition
(Kelp, turbidity, etc...). A feature may
exist within the vicinity.
M_NPUB A charted feature that was not detected by
LIDAR or not found in orthophoto.
UWTROC A submerged rock with doubtful least
depth value.

Table 2.4: Object classes used in HOB files for junctioning with LIDAR data.

The following common attributes are used to define feature objects in the deliverables.

| Attribute | Description \
INFORM Unique ID number assigned to LIDAR features.
NINFOM Remarks and description of the feature.
NOBJNM Contains corresponding chart comparison ID
PICREP Contains link to orthophoto
QUASOU | Features with uncertain least depth values are coded "3’ for doubtful sounding.
SORDAT Last date of survey
SORIND Information about the source of the object. (US, US, nsurf, Hxxxxx)

Table 2.5: Object attributes used in HOB files for junctioning with LIDAR data.

For more information about the inclusion and treatment of LIDAR items in the Composite

Source, refer to[2.2.2.11]and3.5.5.1].

2.2.2.7 Mapinfo Data

The following MapInfo tables and workspaces will be included on the Project CD/DVD. Any Map-
Info tables created by the OPS Project Manager or NRB Technical Assistant will be projected in
Universal Transverse Mercator (UTM) using the North American Datum of 1983 (NAD83). Note:
UTM NADS83 is not equivalent to Latitude/Longitude NAD83. For workspaces to open reliably,
the entire “Maplnfo Data” directory should be copied from the Project CD/DVD and “read only”
flags removed from all files using Windows Explorer.

o Sheet Layout - The sheet layout provided will identify both the project and individual sur-
vey sheet limits, as well as the planned area of hydrography for each sheet. Sheet lim-
its are typically rectangular by design and are used to divide large survey projects into
smaller regions that can be easily managed. Specific planned areas of hydrography are
designated by survey limits. Survey limits generally follow a certain depth contour inter-
val. Layouts for Field Examinations (FEs) will vary according to the item, feature, or area
to be surveyed.

o AWOIS Items - In addition to an MS Access file, AWOIS information will be provided using
MaplInfo tables and a corresponding workspace. Two separate Maplnfo tables are typically
provided. One file graphically displays item positions, with additional information in text
format. The second file simply displays the assigned investigation limits for each item.
Caution: When converting the MS Access file to a MaplInfo table, some text fields may be
truncated or even eliminated. Do not rely solely on the attribute and memo fields within
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the Maplnfo table when planning an AWOIS item investigation in the field. The MS Access
file should also be reviewed.

o Raster nautical charts - The Project CD/DVD will include all raster charts, in .bsb, .kap and
.TAB format, that are affected by the project area. The supplied raster charts will be the
latest editions available to OPS or NRB at the time the Project CD/DVD is created. The most
current official raster chart available to the field unit, which may not always be the edition
originally provided on the Project CD/DVD, shall be used for comparison to survey data.
Both Local Notice to Mariners (LNM) and Notice to Mariners (NTM) publications should also
be consulted periodically to identify new chart corrections.

o Tide zoning and tide stations - MapInfo tables and a workspace showing preliminary tide
zones, water level reference stations, and tide zoning corrector values based on these
reference stations will be included on the Project CD/DVD when discrete zoning is used.
When TCARI is used for tidal correctors, Mapinfo files are not generated. Duplicates of
these files will be located in the Tides directory.

o Miscellaneous Information - Additional information such as limits of prior surveys, topo-
graphic maps, shoreline files, and DGPS coverage tables may also be provided on the
Project CD/DVD.

2.2.2.8 Monthly Reports

For the purpose of submitting the required Monthly Survey Progress Estimates, Project Statis-
tics, and Vessel Utilization Reports, HSD Operations Branch will provide each ship with an Excel
workbook containing one worksheet for each of the three required components. The workbook
will be sent to the ships at the beginning of the field season and will contain documentation
for all planned hydrographic projects for the field season. As the field season progresses, any
updates to the workbook such as newly planned projects will be saved in the Monthly Reports
directory of the Project CD.

The information in these reports is vitally important for the management of the hydrographic
survey program and is expected to be useful in the justification of additional resources in an in-
creasingly competitive budget environment. Interest in improved metrics has been expressed
by offices outside of OCS including the Office of Management and Budget (OMB), the Hydro-
graphic Services Review Panel (HSRP) and NOAA's Office of Marine and Aviation Operations
(OMAO).

See|5.2.3.2.1|for details on reporting requirements.

2.2.2.9 Prior Surveys

The Project CD/DVD will include the Descriptive Report and a raster image of the smooth sheet
for all available prior surveys in the assigned area. OPS or NRB will reduce the size of these
files as much as possible without loss of resolution. The raster image files will require manual
geographic registration in Maplnfo. One or more of these raster files may have been registered
during historical research. In such cases, the corresponding Maplinfo file will also be provided.
The Project Instructions will indicate when a prior survey is in a projection and datum other
than UTM NAD83 and requires a datum conversion or reprojection.

2.2.2.10 Resources and Undersea Threats (RUST)

RUST is a database maintained by NOAA's National Marine Sanctuaries Program (NMSP) that
contains information on sensitive undersea resources and threats. This database may include
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items such as coral reefs, unexploded ordinance, and potentially hazardous or historical wrecks
both in and outside the coastal waters of the United States. RUST information is compiled
from multiple data sources, and will include each item’s position (or approximate position),
the type of feature, and other descriptive details if available. The OPS Project Manager or
the NRB Technical Assistant will include RUST database information on the Project CD/DVD in
both MS Excel spreadsheet and Maplinfo table formats. A list of attribute definitions for the
RUST spreadsheet is included in Appendix 2 (GlobalWrecks Attribute Table.pdf). This document
provides a description of RUST database fields and definitions of codes used to populate the
fields. RUST items are provided for background information only. A full investigation is required
only if a RUST item is detected during main scheme hydrography. Questions regarding RUST
items or the RUST database should be directed through the OPS Project Manager.

Note: RUST database information is considered sensitive and is often protected from release
to the public. RUST information should be made available to personnel only as needed to com-
plete survey operations, and should not be disseminated to persons or organizations outside
the field unit without prior approval from the HSD Chief of Operations.

2.2.2.11 Shoreline Files

The Physical Scientists from Operations Branch will compile all available shoreline source files
into one “composite source” file in S-57 .000 format. Shoreline source files include: ENC, RNC,
Geographic Cells (GCs - also labeled as DCFF), prior surveys, and LIDAR files. Compilation
will include using cartographic judgment to modify the feature layer to best represent the
shoreline. Any features which cannot be deconflicted by Operations Branch will be attributed
as such and placed on to a separate layer called the Discrepancy layer. This Discrepancy layer
will also include AWOIS items and LIDAR investigation items.

If shoreline verification is not required, the project information directory will be empty on
the Project CD/DVD.

2.2.2.12 Tides

The NOAA Center for Operational Oceanographic Products and Services (CO-OPS) provides
three basic types of water level data, “predicted tides,” “preliminary water levels” and “veri-
fied water levels” referenced to MLLW or other appropriate chart datum. All of this data can be
downloaded from the CO-OPS website. Typically, CO-OPS posts preliminary water level data
within a few hours of data acquisition. Stations included on the Hydro Hotlist (see|3.5.2.3.1) are
processed weekly and verified water level data is typically available at the start of the following
work week.

The CO-0OPS Hydro Planning Team (HPT) also supplies discrete zoning or TCARI to estimate
water levels across the entire survey area where the water level characteristics may vary from
those where tide gauges are located. Historical water level station information, including the
location of each station site, benchmark description and elevations, and historical datum refer-
ences will also be provided if historical tide stations need to be reoccupied.

Predicted tides using 6-min format will be supplied on the Project CD/DVD.
2.2.2.13 Survey Outline Template

Survey Outlines are used to provide final values for square nautical miles surveyed, which are
then deducted from the NOAA Hydrographic Survey Priorities total area. Field units shall submit
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a survey outline to OPS as soon as practicable upon completion of all data acquisition and an
initial data quality review for a survey sheet.

The OPS Project Manager or NRB Technical Assistant will include on the Project CD/DVD a
Maplnfo table template (SurveyOutline.TAB) and a PowerPoint demonstration for generating
a survey outline region. All survey outlines shall be created in NAD83 and portray the area
of actual hydrography completed. Actual hydrography completed is defined as the bounding
polygon encompassing the gridded BASE surface and/or side scan mosaic in areas of com-
plete or object detection coverage. In areas of partial bottom coverage, actual hydrography
completed is defined as the bounding polygon encapsulating the area where survey data has
been acquired at the line spacing specified in the Project Instructions. Survey outlines shall be
submitted, via email, to survey.outlines@noaa.gov.

2.2.2.14 Survey Request Information

The OPS Project Manager or the NRB Technical Assistant will include, if available, copies of doc-
uments from the maritime community, research groups, or other entity requesting the survey
on the Project CD/DVD.

2.2.2.15 Reference Documents and Standard Operating Procedures

Reference documents provided on the Project CD/DVD will include the most recent versions (at
the time of CD/DVD creation) of the FPM and HSSD, as well as any current Hydrographic Survey
Technical Directives. Relevant SOPs such as the Field Encoding Guide, and Survey Outline
Instructions will also be provided.

2.3 Additional Resources

Although the majority of information required to conduct an OCS hydrographic survey will be
provided on the Project CD/DVD, additional resources such as training or reference materials
may be necessary throughout a field unit’s operating season.

2.3.1 Annual Hydrosoft DVD

The Hydrosoft DVD is produced and distributed annually by OCS’s Hydrographic Systems and
Technology Program (HSTP). This DVD provides an extensive amount of reference materials
to the field units in a readily available and compact form, eliminating the need for carrying
numerous reference books or using slow or unreliable internet connections. The following types
of materials are included on the Hydrosoft DVD:

[¢]

Common survey software packages, both commercial and in-house.

o Software and hardware manuals and guides.

[e]

NOAA hydrographic training presentations and resources.

[e]

Nautical and navigation reference materials (e.g., Bowditch, Coast Pilot, Chart 1).

[¢]

NOAA Hydrographic survey references (e.g., HSSD, FPM, IHO documents).
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2.4 Project Preparation

Once a field unit has received the Project CD/DVD, survey personnel should begin preparatory
tasks such as reviewing project information, establishing a data management plan, contacting
constituents, and planning horizontal and vertical control if necessary. These tasks are typically
performed on a project-wide basis, prior to individual survey planning.

2.4.1 Project Information and Instructions

As soon as practicable, the field unit should inventory files provided on the Project CD/DVD
to verify that all necessary information has been included. Once it has been confirmed that
all files are present, project information should be copied to the field unit’'s computer systems
in accordance with the unit’s standard data management practices. Prior to any actual survey
planning, it is recommended that the hydrographer review the Project Instructions and become
familiar with the supporting files.

2.4.2 Data Management

Not only are a tremendous amount of data generated during a hydrographic survey, but field
units are typically working on multiple surveys at any given time. Data management standards
are critical for efficient surveying and can be easily established prior to survey planning and
data acquisition. Guidelines for effective field unit data management are described in the
following sections.

2.4.2.1 Digital Data Directory Structure

Data directory structures used during acquisition and processing may vary among field units.
However, a standard should be in place within each field unit. It is important to adhere to
any field unit directory standards, as some software configurations must reference specific
directories. An example of a field unit directory structure is shown in Figure[2.2]

= ) H54321
= ) Descriptive Report
) Appendices
£ AWOIS
) DTON
) Smookh Tide Request
3 ) Plots
() H54321 _Final_Plots
3 I P35
) Photos
=1 |2 Survey Files
) AWHOTS_Maplnfo
) Line Plans
) Miscellaneous
) PS5 _Maplnfo
) Shoreline

Figure 2.2: Survey data directory structure.
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2.4.2.2 Digital File Naming Conventions

It is important to follow file naming standards within the field unit. Maintaining these conven-
tions greatly assists AHB and PHB in identifying data records. Do not create data files with
non-standard names that are unrelated to the file content and will confuse others who must
access that data. Additionally, any preliminary, temporary, or extraneous files created by the
field unit should not be included with data submitted to AHB or PHB.

2.4.2.3 Analog Records

If possible, all data should be submitted to AHB or PHB in digital format. In some cases, it may
be necessary to acquire analog data (i.e., paper records) that can not be scanned into a digital
record, such as a VBES fathogram. A folder and/or binder should be prepared for each survey
sheet to file any such analog records. Each record should be labeled with at least the following
information:

o Project number

[¢]

Survey registry number

[¢]

Vessel used to acquire the data

[¢]

Data type

[¢]

Date of acquisition Horizontal Control

Horizontal Control (HorCon) refers to the terrestrial network of geodetic marks that support
two-dimensional hydrographic positioning. Typically, NOAA field parties use USCG differential
beacons to correct GPS for hydrographic positioning. USCG differential correctors are subjected
to an internal quality control process, ensuring a high level of accuracy. Additionally, USCG
differential beacons have already been precisely positioned; thus, it is generally unnecessary
for NOAA field units to establish horizontal control points when using this positioning method.

In remote survey locations or confined areas such as a fjord, USCG differential correctors
may be unavailable or severely limited. For these areas, the field unit shall establish at least
one horizontal control point where a portable DGPS control (“fly-away”) station can be installed.
A review of the survey area should be combined with local knowledge to determine a feasible
location. Keep in mind that public properties are usually preferred over private properties
because special permissions will typically not be necessary for future access. However, equip-
ment security must also be considered in populated areas which are easily accessible. Se-
curity measures may include locking instruments, affixing owner identification to equipment,
and choosing a discrete station location. After a suitable location has been chosen, the field
unit should obtain permission to access the property and install HorCon equipment. If it is
necessary to drill into rock during the installation, permits should be obtained for this purpose.

Note: The Federal Aviation Administration’s Wide Area Augmentation System (WAAS) shall
not be used as a positioning method for OCS hydrographic surveys. Although WAAS is suffi-
ciently accurate for terrestrial navigation, it is a land-based system, and positional accuracy
may not be consistent in the marine environment.

HorCon techniques may also be used to determine high accuracy DGPS positions for ATONs.
If OCS’s Update Service Branch requires that an ATON be positioned using high accuracy Hor-
Con methods, specifications will be noted in the ATON information provided on the Project
CD/DVD. Typically, higher order ATON positions will be required for range lights.
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2.4.3 Vertical Control

Vertical control refers to a network of geodetic marks that supports three-dimensional hydro-
graphic positioning. Vertical control activities are typically conducted to support water level
gauge installations and water level measurements. Personnel from CO-OPS are responsible for
all planning of tide and water level requirements for OCS hydrographic surveys. CO-OPS will
analyze historical data and tidal characteristics for each project area, specify operational NOS
control stations, specify general locations for subordinate water level stations to be installed,
and provide the tidal zoning (both preliminary and final) to be used during survey operations.

Installation, operation, and maintenance of controlling water level stations is typically the
responsibility of the CO-OPS Field Operations Division (FOD). However, the hydrographic field
unit may be required to install, monitor, repair, and/or uninstall a control water level station
under the instructions of the CO-OPS FOD. The Project Instructions will state if installation,
operation, and/or removal of subordinate water level stations is required for a project. In such
cases, FOD will work in collaboration with the field unit to complete these tasks. The field
unit will be responsible for ellipsoidal positioning of benchmarks near subordinate water level
stations, in accordance with Section 4.2.5 of the HSSD.

To prepare for vertical control operations, the field unit should verify that all necessary
equipment and tools have been obtained from CO-OPS. A sample equipment checklist for water
level station installations is included in Appendix 2 (Wtr_Lvl_Statn_Equip_Checklist.xls). Several
reference guides are available to assist the field unit with water level station procedures. The
following manuals have been included on the Hydrosoft DVD for reference and can also be
downloaded from the CO-OPS website http://tidesandcurrents.noaa.gov/pub.html:

o NOS User’s Guide for the Installation of Bench Marks and Leveling Requirements for Water
Level Stations

o Specifications and Deliverables for Installation, Operation, and Removal of Water Level
Stations

o CO-OPS User’s Guide for Electronic Levels « CO-OPS User’s Guide for Writing Bench Mark
Descriptions

o CO-OPS User’s Guide for GPS Observations

o CO-OPS User’s Guide for 8210 Bubbler Water Level Gauge for Hydrographic Surveying
Applications

o CO-OPS User’s Guide for 8200 Acoustic Gauge

Additionally, the field unit should review any subordinate water level station locations specified
in the Project Instructions and, if necessary based on local knowledge, recommend alternate
sites to CO-OPS. Keep in mind that public properties are usually preferred over private prop-
erties because special permissions will typically not be necessary for future access. However,
equipment security must also be considered in populated areas which are easily accessible. Se-
curity measures may include locking instruments, affixing owner identification to equipment,
and choosing a discrete station location. Once locations have been agreed upon, survey per-
sonnel should obtain permission to access the property and install the staff, benchmarks, and
gauge at the selected site.

2.4.4 Constituent Contact

The Project Instructions will list constituents who must be contacted at or near the beginning
and end of field operations to discuss survey objectives and accomplishments. It is mandatory
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that the field unit contact the appropriate regional NOAA Navigation Manager as identified in
the Project Instructions.

The Project Instructions will also list various local contacts for reference. These resources
should not be overlooked and can often provide local knowledge regarding AWOIS items, shoal-
ing, marine activities, traffic patterns, and other areas of concern. Local information sources in-
clude Port Authorities, Pilot Associations, local ferry companies, fishermen, towing companies,
U.S. Coast Guard, U.S. Army Corps of Engineers, and local and state government agencies.
Information regarding local survey requests or charting concerns that will not be addressed
during the current project should be conveyed to either the Chief of Operations or the Chief of
NRB.

2.4.4.1 Cultural or Historic Submerged Features

HSD Operations Branch will contact the State Historic Preservation Officer (SHPO) and Histor-
ical/Archaeological contact at the NOAA National Marine Sanctuaries Program (NMSP) office
during preparation of Project Instructions to request information on any historically significant
man-made features on the seabed within the survey area. Any information provided by these
groups will be included in the Project Instructions. The Project Instructions will also include the
contact information of the SHPO and NMSP for use in the event of discovery of a potentially
historically significant man-made feature, in accordance with[4.4.5]

2.4.4.2 Potential for Lost or Damaged Fishing Gear

Occasionally, local fisherman or lobstermen will make a claim regarding lost or damaged fish-
ing gear. Typically, when these claims are made NOAA may give compensation for the gear.
In an effort to be pro-active and incorporate better coordination, the Operations Division will
now contact fish/lobster organizations to inform them, prior to the field season, where a NOAA
vessel will be working and the approximate time frame.

An additional mandatory point of contact will be listed in the Project Instructions for projects
which have this potential to significantly interfere with the work of local fishermen/lobstermen.
In those cases, the field unit vessel must use that point of contact to coordinate with the local
fishermen/lobstermen in an effort to reduce the impact of hydrographic survey operations on
their livelihoods.

If the situation arises where a state claims that NOAA has violated a State law where the
vessel and its crew are engaged in operations authorized by Federal law (i.e. performing a
survey mission), then a State may not detain or prosecute a Federal vessel’s captain and crew
for alleged violations of State law (e.g. itis a violation of Massachusetts law if someone destroys
any lobster or other fishing gear and can be punished through a fine or imprisonment). For more
information see the Memo from the General Counsel Office for Ocean Service in Appendix 2.

NOAA's policy and the process of addressing claims for loss or damaged gear is currently
being reviewed and will be incorporated in the next version of the FPM.

2.5 Survey Planning

All surveys begun during a field season must be completed in that same field season. OCS
recommends that systematic data acquisition plans be prepared prior to vessel operations.
These plans may consist of lines used directly for vessel navigation, polygons used to designate
survey areas if the acquisition software provides a real time coverage map, or target files used
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to mark pre-determined data acquisition points. Using a line plan for navigation assists the
vessel operator in maintaining a straight trackline, potentially minimizing gaps, or “holidays,”
in the data coverage. Target files can be used to navigate efficiently between data acquisition
points, as well as to ensure a point feature is not missed during vessel operations.

When creating data acquisition plans, many factors must be considered, including the scope
of the survey, object detection criteria, sheet layout with respect to surrounding features, avail-
able data acquisition systems, number of features to be addressed, traffic patterns, local cur-
rents, tide stages, and prevailing weather and sea conditions. Input from other survey per-
sonnel, particularly those who have previously operated in the area, can be invaluable when
creating data acquisition plans. Proposed plans should be reviewed by the FOO and/or Chief-
of-Party prior to vessel operations.

Depending upon the survey area, it may be prudent to create alternate data acquisition
plans for daily operations. For example, if weather conditions preclude safe vessel operations
in the planned survey area, an alternate acquisition plan in a sheltered area could be used
to safely continue operations. A plan requiring an alternate data type can also be invaluable
should a piece of equipment break, particularly if a significant transit is necessary to reach the
survey area.

2.5.1 Survey Scope

The scope of an OCS hydrographic survey will be categorized as basic hydrographic, navigable
area, field examination, or special project. Survey requirements will vary according to this clas-
sification. The type of survey to be conducted and any special requirements will be identified
in the Project Instructions.

In general, the requirements for hydrographic surveys develop as a result of policy deci-
sions, product user reports or requests, national defense needs, and other demands. The type
of specific hydrographic survey projects are created via an evaluation of known requirements
and priorities. Survey limits are based on these requirements and priorities as well as an quan-
titative and qualitative measures of shipping and boating in an area, the adequacy of existing
survey information in the area, the rate of change of the bathymetry, safety precautions and
an assessment/weighting of benefit versus efficiency.

More information on project planning can be found in the Operations section of the Hydro-
graphic Survey Division Headquarter Procedures Manual (currently in draft).

2.5.1.1 Basic Hydrographic Surveys

A basic hydrographic survey must be able to stand alone, without supplementation by any
other survey. The basic survey must be adequate to supersede all prior surveys for charting
purposes and meet all applicable survey requirements specified in HSSD.

2.5.1.2 Navigable Area Surveys

Navigable area surveys must meet the requirements of basic hydrographic surveys, but will
have special survey limits defined in the Project Instructions. Typically for this type of survey,
the limits have been restricted to omit areas that are not considered navigationally significant.
Another scenario would be restricting the survey to primary shipping traffic areas. Assigned
survey limits may require adjustment based on safety and field unit observations of local traffic
patterns. Any significant survey limit adjustments shall be coordinated through the Chief of
OPS.
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The inshore limit of hydrography and feature verification for Navigable Area Surveys is the
Navigable Area Limit Line (NALL), unless stated otherwise in the Project Instructions. This
term has had different definitions and different interpretations therefore it is advised to review
section [3.5.5] for more information.

2.5.1.3 Field Examinations

Field Examinations (FE) are item investigations or surveys that cover small areas of specific
interest. These surveys may be assigned to prove/disprove the existence of reported dangers
or obstructions, to provide data for harbor development, or to supplement prior surveys for
construction of large-scale charts.

2.5.1.4 Special Projects

Special Projects are surveys typically performed for purposes other than creating nautical
charts, such as habitat mapping, ocean exploration, or homeland security. The Project In-
structions will define requirements for Special Projects.

Note: Depending upon the type of project, data acquired for Special Projects may be subject
to additional security measures. Any required security practices will be defined in the Project
Instructions. The field unit should use discretion when handling Special Project data and contact
the Chief of OPS or Chief of NRB if data security requirements are in question.

2.5.1.5 Homeland Security Surveys

Homeland security surveys may be assigned in response to requests by the US Naval Oceano-
graphic Office (NAVOCEANO) for hydrography to support Homeland Security in the nation’s
coastal waterways. These projects are typically 200% side scan sonar surveys conducted in
accordance with NOS requirements for SSS data acquisition and processing with minor modifi-
cations. Specific criteria for homeland security surveys may be found in Appendix 2 (NAVME-
TOCCOMINST 3142A March 2007.pdf). The NAVOCEANO specification should be followed as
closely as possible in conjunction with the OCS authorized deviations set forth in Appendix 2
(NAVMETOCCOMINST 3142A March 2007 - OCS Deviations.pdf). Any additional project specific
requirements will be provided in the Project Instructions. In the event that it is not possible to
adhere to the HLS specifications, Chief, HSD Operations Branch should be contacted for further
guidance.

Special attention should be given to setting up survey plans and file structures when a sur-
vey area contains a region to be submitted for Homeland Security purposes. Careful advance
planning will ensure that the relevant Homeland Security survey data and associated ancillary
files will be easily extractable for submission to NAVOCEANO.

2.5.2 Object Detection Criteria

Unless otherwise specified by the Project Instructions, all data acquisition shall be conducted
to meet object detection criteria as set forth in the HSSD; this may be accomplished with SSS,
MBES, or a combination of the two. Object detection capabilities are dependent upon the
acoustical characteristics of the sonar system. Vessel speed versus sonar pulse repetition rate
(ping rate) must also be considered in order to meet coverage requirements in the along track
direction. Standards set by OCS for object detection vary depending on sonar technology (e.g.,
side scan or multibeam). Requirements for each sonar type are discussed individually below.
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2.5.2.1 Side Scan Sonar (SSS)

The HSSD states that side scan sonar systems shall be operated such that a 1 m3object on the
sea floor can be detected from acoustic shadow measurements. OCS has determined that this
object detection criteria can be met by acquiring a minimum of 3 independent ensonifications
(pings) per meter traveled in the along-track direction. This criterion can be met by regulating
vessel speed based on sonar range scale. Longer operating ranges have slower pulse repetition
rates, thus requiring that the vessel speed be slower to meet object detection requirements.
Refer to sections 6.2.1 and 6.2.2 of the HSSD for further guidance on side scan object detection
standards. Sonar ping rates should be defined in the operator’s manual or the manufacturer’s
technical documentation.

2.5.2.2 Multibeam Echosounder (MBES)

Multibeam echosounder object detection criteria vary according to water depth. Adequate
detection has been defined by OCS as 3.2 beam footprints, center-to-center, per 3 meters (in
depths of 40 meters or less) or a distance equal to 10 percent of the depth (in depths greater
than 40 meters). In the along track direction, this criterion can be met by regulating vessel
speed based on sonar range scale, which directly affects ping rate. Since the size of MBES
beam footprints will be greater as the angle from nadir increases, object detection capabilities
should be calculated based on outer beams. Field personnel should refer to section 5.1.2 of the
HSSD for further guidance on multibeam object detection standards. Sonar ping rates should
be defined in the operator’s manual or the manufacturer’s technical documentation.

2.5.3 Survey Line Planning

Before creating a line plan, the Project Instructions should be reviewed for any required method-
ology, line spacing, or coverage requirements. Besides Letter Instruction requirements, fac-
tors such as general bathymetry, traffic patterns, shoreline features, currents, and prevailing
weather and sea states should also be considered during line plan creation. New features
discovered during operations may warrant additional adjustments to line plans as the survey
progresses. It should be noted that survey limits are subject to revision based upon command
decision and/or requirements for safe vessel operation. Any significant survey limit adjust-
ments shall be coordinated through the Chief of HSD Operations Branch.

Safety should never be compromised for the sole purpose of following a line plan.

o

Line plans used for data acquisition can be classified into the following categories:
Mainscheme (MBES, SSS, or VBES)

Holidays (MBES, SSS or VBES)

o Crosslines (MBES or VBES)

o]

o]

[}

Developments (MBES or VBES)

[}

Target Files
o Special Circumstances
Acquisition requirements vary depending upon data category and the type of equipment used.

OCS recommends that field units standardize survey line numbering such that data classifica-
tion can be determined based upon line number. For example, use the 100 number series for



CHAPTER 2. PRE-SURVEY PLANNING 72

the first 100% of side scan sonar lines; the 200 number series for 200% side scan numbers; the
300 number series for side scan holidays lines; the 400 - 500 number series for mainscheme
multibeam lines; the 600 - 800 number series for development data; and the 900 number
series for crosslines. Specific line numbering standards have not been implemented by OCS;
however, standardization within each field unit is strongly recommended.

Line plan requirements and guidelines for each data category are discussed in the following
sections. Keep in mind that these guidelines are provided to help the field unit maximize survey
efficiency, but they should not be followed at the expense of personnel and vessel safety.

2.5.3.1 Mainscheme

Mainscheme refers to the primary survey data that are systematically acquired to meet basic
survey requirements. Mainscheme data are typically comprised of complete or object detec-
tion MBES data or 200% SSS imagery data acquired simultaneously with VBES bathymetry.
However, in some circumstances variances such as a combination of complete multibeam and
100% side scan data may be preferred.

When planning mainscheme lines, special consideration should be given to junction areas.
For surveys that are part of the same current project and from the same year, data overlap
in junction areas shall be sufficient to ensure continuous coverage. To adjoin with a non-
contemporary survey from a different year and possibly conducted by a different vessel, a
100-200 meter overlap of mainscheme data is required, unless the Project Instructions and
provided project limits indicate otherwise.

2.5.3.1.1 Multibeam Echosounder (MBES) When planning mainscheme MBES lines, the
hydrographer must consider object detection requirements, echosounder system, and water
depth. If complete coverage is desired, line spacing will vary according to the effective swath
width. The available swath width will vary between systems, but object detection requirements
may require data filtering by swath angle or could even limit the types of sonars which may be
used. Generally, lines should be oriented parallel to depth contours for consistent swath widths
and line spacing. The following formula can be used as a general rule of thumb for determining
swath width:

Available Swath Width = 2 x Water Depth x (tangent 1/2 swath angle)

The hydrographer should keep in mind that allowing for adequate data overlap when plan-
ning mainscheme lines can significantly reduce the number of holidays created during acquisi-
tion. Based on the above formula and collective OCS experience, mainscheme line spacing is
commonly set at 3 x Water Depth to obtain complete coverage.

Additionally, the effects of the Cone of Silence (CoS) should be taken into consideration
when planning line spacing. The Cone of Silence can reduce the ability to detect least depths
of obstructions/features near the edge of the swath. Further information on the CoS may be
found in Appendix 2 in Cone_of Silence.pdf.

In special cases, partial MBES coverage may be used for mainscheme survey data. This
type of coverage might be assigned if time is limited and existing survey data are fairly mod-
ern. In such cases, required line spacing will be noted in the Project Instructions. For further
information on MBES requirements for OCS surveys, see section 5.1.2 of the HSSD.

2.5.3.1.2 Side Scan Sonar (SSS) Typically, two-hundred percent coverage is required
when using SSS as a mainscheme survey technique. One hundred percent coverage is com-
pleted by acquiring data that meet the assigned object detection requirements over the entire
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survey area one time. This process is performed a second time to obtain two-hundred percent
coverage. Side scan sonar data quality will, inherently, degrade both at nadir and at outer
ranges. Because of this characteristic, line plans for the second hundred percent should be
either offset or oriented differently than the first hundred percent. OCS recommends offsetting
200% lines by Y of the line spacing for the first 100% coverage. If possible, SSS data should be
acquired by running lines perpendicular to depth contours to avoid imagery distortion caused
by slopes in the athwartships direction.

Note: Multibeam backscatter imagery, while often helpful during data processing and evalu-
ation, is not considered equivalent to, or a replacement for, side scan sonar imagery. Side scan
sonar provides low grazing-angle imagery that enables identification of features not visible in
lower resolution, higher grazing angle MBES backscatter imagery.

The line spacing necessary to obtain 100% SSS coverage is dependent upon the effective
range scale, achievable positional accuracy, and any positioning errors inherent to a towed
system. A good rule of thumb to obtain complete coverage is to plan survey line spacing at 1.6
x Range Scale, allowing for an overlap of 40% of range scale (20% of the total swath) between
adjacent swaths. Note: Range Scale refers to the athwartships distance ensonified on each
side of the towfish. Thus, Range Scale equals one half of the total swath ensonified.

Generally, SSS range scale is chosen for maximum survey efficiency. The sonar should be
maintained at an altitude of 8 - 20% of range scale during acquisition; thus, water depth will
determine an upper range scale limit for a particular survey area. However, the hydrographer
should also consider the system configuration and if a minimum sonar depth will be necessary
to avoid water column disturbances such as propeller wash. Based on the chosen range scale’s
corresponding ping rate, vessel speed should be adjusted to ensure that object detection cri-
teria are met (see[3.3.1). If a specific range scale is required for a survey, it will be indicated in
the Project Instructions.

2.5.3.1.3 Vertical Beam Echosounder (VBES) Since complete coverage can not be ef-
ficiently completed using VBES alone, this will rarely be assigned as the sole method for ac-
quiring mainscheme survey data. Typically, VBES systems will be used to provide correlating
sounding data for SSS operations, define an inshore contour, or develop very shoal or foul areas
where there is a high probability of damaging either a MBES or SSS system.

If VBES has been assigned as a stand-alone mainscheme data acquisition method, the re-
quired line spacing will be noted in the Project Instructions. If possible, VBES mainscheme data
should be acquired by running lines perpendicular to depth contours. This practice assists the
hydrographer in accurately identifying contour intervals. If extensive discrepancies are found
between VBES sounding data and charted depths, the Chief of OPS or Chief of NRB should be
contacted to determine if a more extensive survey is warranted.

2.5.3.2 Holidays

Holidays are defined as gaps in mainscheme data or areas where accuracy requirements have
not been met. Holidays may be caused by various events, such as vessel maneuvering, sur-
vey equipment problems, unexpected shoals, or rejection of poor quality data during post-
processing. Holiday line plans are typically developed to address these data gaps as main-
scheme acquisition progresses, rather than at the end of mainscheme operations. This practice
will minimize transit time required to revisit each area of the survey with a holiday and the time
required to acquire, process, and manage additional sound speed profiles. If the field unit uses
a real-time coverage map during mainscheme data acquisition, most holidays can be identified
and addressed prior to ceasing operations that day, thus increasing survey efficiency.
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2.5.3.3 Crosslines

Crossline data are used to identify any systematic data problems by comparing it to main-
scheme data acquired at different times, water levels, and line azimuths. Separate vessels
may also be used for crossline data acquisition to help identify any vessel to vessel system
biases.

Ideally, crosslines should be acquired prior to mainscheme data, in areas of gently sloping
bottom, and when water levels are as close to survey datum (MLLW) as practicable. Crossline
data may not agree well with mainscheme soundings if acquired in areas of irregular submarine
relief and/or if VBES systems are used. In rocky areas, large depth differences may occur over
small horizontal distances, making a small positioning error appear to be a large depth error.
This effect is often noted when using VBES systems due to the large beam footprint. In the case
of VBES, a pinnacle recorded at the edge of a beam footprint would have a recorded position at
the center of the beam, thus introducing a small positioning error that, again, could appear as
a large depth discrepancy. Specific guidance for both vertical beam and multibeam crosslines
is provided in the HSSD.

2.5.3.4 Developments

A development is performed to either obtain a least depth over a known point feature or further
define an area-based feature such as a shoal. Typically, dense MBES data are acquired for
developments, although multiple VBES lines may be more appropriate for defining very shoal
area features due to the significant decrease of MBES efficiency in such depths. If a VBES
system is used to determine the least depth on a point feature, several parallel lines should
be run over the feature until the hydrographer is confident that the least depth is recorded.
A third method for determining a feature’s least depth is by diver investigation. The process
of using a diver least depth gauge is discussed in[3.2.5] For additional information on feature
investigation, refer to[4.4]

Note: Conducting developments during high stages of tide will improve MBES efficiency and
may also provide increased vessel safety by maximizing underkeel clearance. If development
lines are created to be run during a specific tide range, the hydrographer must be certain to
convey this information to the vessel crew that will be acquiring the data.

When developing point features, least depths should be acquired using the center region
of the MBES swath, typically 45° or less off nadir. This section of the MBES swath will have
less error due to refraction than the outer beams. It is recommended that, during development
acquisition, a confidence swath be run in an orthogonal direction to the primary development
lines. A common MBES development line plan may appear to be an assortment of “H” or
“+" patterns over numerous features. Keep in mind that marine life will often congregate
over prominent features such as wrecks and coral heads, sometimes making a least depth
determination very difficult. In such cases, it may be beneficial to run the confidence swath at
a different time than the primary development lines.

2.5.4 Survey Polygon Planning

As of the 2009 field season, most field units will be equipped with data acquisition software that
allows the sonar operator and the coxswain to view a realtime coverage DTM of the data being
acquired. As an alternative to line planning, which is most often redundant with this software
capability, polygons that define areas to be covered are created by the sheet manager. While
the entire area could just be covered with a continuous line, polygons provide the hydrographer
with discreet sections to be covered assisting in better plans for survey timing and vessel
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efficiency. Most of the guidance that applies to line plans also applies to polygon planning. The
data should still be acquired with the boat traveling parallel to the contours. Also, it is still
important to consider traffic patterns, prevailing wind and weather conditions, currents, tides,
obstructions, ATONS and water depths. As is the case with line plans, every person will come
up with a different set of polygons, but keeping these points in mind will create more effective
polygons in the long run:

o Polygon planning is a natural extension of line planning. In other words, you could take a
full line plan and draw the outlines around similar "patches" of lines and you would have
a pretty decent (although perhaps not ideal) polygon plan.

o The deeper the soundings where a polygon is drawn, the larger it should be. There is no
need for a polygon that gets filled in with two passes. This is the same as the “larger
spacing between deeper lines” concept. Thus, plan smaller polygons in shoaler areas and
larger polygons in deep areas.

o Polygons should be planned such that the boat will be running offshore to nearshore. This
is a safety tip! Creating separate offshore and onshore polygons (those that can be run at
any time vs. those that need a specific tide window) is also helpful.

o There is no hard and fast rule for size limits, or polygon shape. In fact, avoid a cube shape.
Make polygons longer in the dimension the boat should run, providing a clear indication to
the coxswain and surveyor of the polygon’s directionality. (If running N to S will be most
efficient with the contours, make your polygon longer in the N to S dimension).

o Ifthere is a MHW Buffer, a limit line that defines the shoal edge of the survey (survey to the
4 meter curve) or a NALL established during shoreline verification, do not plan polygons
inshore of these limits unless there is a specific reason to do so.

o Think about what YOU would find natural on the boat! As an example, use a natural ledge
or point of land as the “end” of one polygon and start of the next on the other side of it.
Instead of the launch turning around a point of land, it should run a straighter polygon
along one shore before curving around the point and driving along the next polygon.

o In a channel that could be filled in with one polygon (shore to shore), consider breaking
it down into two polygons such that there is a straight edge in the middle of the channel.
This provides the vessel with a straight baseline, and encourages running from offshore
to nearshore.

o Set polygons up in such a way that turns are minimized and lines are of a manageable
length for processing.

o Be aware of any possible sources of fresh water, or other factors that will affect the water
column and make smaller polygons in these areas.

2.5.4.1 AWOIS Items

For all assigned AWOIS investigations, the entire search radius shall be investigated if possible,
regardless of its position relative to the survey limits. Specific investigation methods consid-
ered adequate for an item’s disproval will be noted in each AWOIS record. Often, AWOIS items
can be investigated in conjunction with mainscheme data acquisition.

Note: If the entire search radius is not investigated, it is nearly impossible to disprove an
AWOIS item.
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2.5.4.2 Target Files

Target files refer to a collection of geographic positions designated for point data acquisition.
These files are typically created when planning bottom sample locations, but may also be used
to designate specific positions for acquiring other types of data. For example, the hydrographer
may create a target file to show the specific position where a sound velocity profile is desired
or specific locations of items to be developed.

2.5.4.2.1 Bottom Samples Samples of bottom sediment throughout the survey area shall
be obtained and analyzed in accordance with the HSSD, if required by the Project Instructions.
Per the HSSD, bottom samples are not required in depths greater than 100 meters. The fol-
lowing additional guidance for NOAA hydrographic field units applies to water depths of 100
meters or less.

Bottom sediment should be sampled and analyzed at intervals of 1200 meters or less in
designated or potential anchorage areas and 2000 meters or less in all other areas. If these
intervals can be met by sampling at the locations of currently charted bottom characteristics,
those positions shall be used in order to verify current charting. If not, additional sampling
locations shall be added as necessary to meet the required sampling intervals. Additional
sampling locations should also be added, at the hydrographer’s discretion, based on observed
vessel activities and/or significant variance of bottom characteristics identified in the survey
data.

Ideally, a sediment sample analysis should be performed at the location of each charted bot-
tom characteristic. However, if currently charted bottom characteristics are significantly closer
together than the required sampling intervals noted above, the hydrographer may choose to
perform a subset sampling routine. Subset sampling requires that samples be obtained at
selected locations that are both positions of charted bottom characteristics and, as a group,
meet the specified sampling intervals. However, a sample is not required at the location of
every charted bottom characteristic. If the subset data agree well with charted characteristics,
the Chief-of-Party may waive any requirements to obtain samples at the remaining charted
bottom characteristic positions. If the subset sampling analyses do not agree well with charted
bottom characteristics, then sediment samples should be obtained and analyzed at the position
of each charted bottom characteristic.

Once bottom sample locations have been planned, it is recommended that a target file be
prepared to ensure samples are obtained at each planned position.

2.5.4.3 Special Circumstances

2.5.4.3.1 Search Patterns In emergency or accident situations, NOAA field units may be
involved with wreck, obstruction, or debris searches. When planning this type of operation,
the direction of the search pattern should be oriented within 20° of the set of any significant
current present in the survey area. This arrangement will minimize towfish offset from the
planned tracks, increase position accuracy, and increase towfish stability by minimizing forces
that are not aligned with the longitudinal axis of the towfish. However, tracks run in the same
direction as a very strong current may result in an increased speed over ground, which could
decrease object detection capabilities; thus, this parameter should be monitored if searching
for small objects. If strong currents exist in the area and running search tracks in a pattern
oriented normal to the current is unavoidable, the operations should be timed to coincide with
periods of slack or minimum current, if possible.
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2.5.4.3.2 Special Wreck Investigations If a hydrographic field unit discovers a poten-
tially significant historic wreck site, or conducts a special wreck investigation through a con-
tract from another NOAA program or a request from a NOAA Navigation Manager, the field
unit should make an effort to ensonify the wreck site and associated debris field with each
type of sonar system that is readily available. When conducting side scan sonar operations,
run parallel tracks on either side of the wreck, so that both sides are imaged, as well as two
additional tracks orthogonal to the site. The imagery and bathymetry data will provide clues
to the wreck’s status and identity, identify any obstructions, and provide researchers with an
adequate baseline assessment with which to compare future surveys.

2.5.5 Survey Plan Finalization

Proposed survey acquisition plans should be reviewed by the FOO and/or Chief-of-Party and
any necessary adjustments made. Once approved by the Chief-of-Party, the plan should be
converted from the format generated by the GIS software used to design the plan to a format
that can be read by the field unit’s survey navigation software. Typically, acquisition plans will
be designed using Maplinfo software and converted into a Hypack line file (*.Inw) or Hypack
target file (*.tgt) for vessel navigation. This specific conversion process can be accomplished
using the Hydro_MIl.mbx MapBasic tool, which will also report the number and the total mileage
of the planned lines. Number and mileage statistics should be recorded and used to estimate
the amount of time required to complete the survey. These estimations are critical to overall
project planning.

2.5.6 Preparing the Survey Crew

A diligent Survey Manager will provide survey crew(s) with more than just a digital line (or area)
plan for the day. Simply loading the line/area plan into acquisition software and verifying that
it works a day prior to use can minimize problems encountered by the survey crew. As noted
in Line plans for alternate operational areas, as well as alternate data types can enable
sustained productivity if weather degrades or a system malfunctions.

The Sheet Manager should also keep in mind that other members of the field unit will be
less familiar with his/her survey, so additional information may be extremely useful during data
acquisition. A plot depicting line plans, polygons, and/or shoreline files overlaid on the largest
scale chart for the survey can be particularly helpful and is commonly referred to as a “boat
sheet.” Notes, such as uncharted hazards, lines planned for acquisition during high tide or slack
current, and required range scales can also be indicated on a boat sheet. When performing
developments, a contact description that can be correlated to each feature is invaluable for
verifying that the item “found” during the development corresponds to the intended contact.



Chapter 3

Data Acquisition

Plans are only good intentions unless they immediately degenerate into hard work. —
Peter Drucker

3.1 Sensor Risk Management

NOAA field units deploy valuable oceanographic sensors in the water when conducting hydro-
graphic surveys. The sensors are typically deployed in three ways: (1) mounted directly on the
hull of the survey vessel, (2) suspended in the water by mounting them to a rigid retractable
pole, or (3) towed via a cable. The utmost care should be taken to prevent the loss of a hy-
drographic sensor prior to its deployment. When not in use, the sensors should be stowed for
transit. Safety devices designed to prevent the loss of a sensor should be checked and en-
gaged before every deployment of the sensor. Devices designed to aid the recovery of a lost
sensor should be used when available. The navigation and/or acquisition system should be
running whenever the sensor is deployed. As soon as a loss is suspected or known, you should
immediately mark the position where the suspected or known loss occurred and communicate
the situation to the survey and navigation crew. If you are in safe water, go back to the position
where you suspect the loss occurred.

3.2 Bathymetry Acquisition

NOAA hydrographic field units use a variety of echosounder systems to acquire bathymetry
data. Multibeam echosounders (MBES) are preferred for their ability to efficiently acquire com-
plete or object detection coverage datasets; however, vertical beam echosounders (VBES) are
commonly used in conjunction with side scan sonar operations. Much of this section is ded-
icated to operating echosounder systems and recording sonar data using common software
packages. However, lead lines, sounding poles, and diver least depth gauges are still occasion-
ally used to acquire bathymetry and requirements for these are included in this section.

3.2.1 Lead Line Data

A lead line can be used to measure depths in areas too shallow for echosounders, to verify
least depths over dangers to navigation or shoals, and to calibrate echosounders. Lead line
soundings should be acquired at slack current, if possible, to ensure that readings are true
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vertical measurements of depth. All lead line soundings should be clearly identified as such in
the survey records. The hydrographer shall also, at a minimum, record the lead line number,
geographic position, and time of measurement for each sounding. Water level correctors must
be applied to lead line data during post-processing.

3.2.2 Sounding Pole Data

Sounding poles can be used to acquire data in near shore areas where depths are less than 4
meters. Sounding poles should be carefully deployed so that a significant amount of sediment
penetration does not occur and a true vertical measurement of depth is obtained. Each pole
sounding should be clearly identified as such in the survey records. The hydrographer shall
also, at a minimum, record the sounding pole number or identifier, geographic position, and
time of measurement for each sounding. Water level corrections must be applied to sounding
pole data during post-processing.

3.2.3 Vertical Beam Echosounder (VBES) Data

Vertical beam echosounder systems may vary among NOAA hydrographic field units. Most
OCS systems are dual frequency, using both a high and a low frequency, with beamwidths
between three and eight degrees for high frequency, larger for low frequency (20-30 degrees).
Provided the magnitude of vessel roll and pitch is less than the sonar beamwidth, these attitude
characteristics will have little effect on sounding accuracy and their application to VBES data is
not required by OCS. However, to maintain data quality in sea states where vessel roll and pitch
angles exceed sonar beam width, OCS recommends that an external sensor be used to record
heave data for application during post-processing. If a heave sensor is not employed, the VBES
system should be used only when conditions are favorable for minimizing heave bias and data
must be scanned for heave artifacts during post-processing. If heave artifacts can be reliably
interpreted, they shall be manually removed from the depth data. Data acquisition should be
suspended if the heave signature exceeds 0.5 meters and a heave sensor is not being used.

Many VBES systems output calculated depth values rather than the two-way travel time of
each sonar ping. To facilitate internal depth calculations, these types of VBES systems must be
configured with an estimated value for the speed of sound through the water column. When
necessary, hydrographic field units shall configure VBES systems using 1500 m/s, the standard
estimate for the speed of sound in sea water. VBES data shall then be corrected using a full
sound speed profile during post-processing.

Note: Sonar manufacturers often suggest applying real-time attitude, sound speed, and
other corrections during data acquisition. It is OCS’s standard policy to apply such data correc-
tions during post-processing if possible.

The HYPACK MAX software package is commonly used by NOAA hydrographic field units to
acquire VBES data. OCS guidelines for using HYPACK MAX with VBES systems are described
below. Users should also refer to the HYPACK MAX User’s Manual, which has been included on
the Hydrosoft DVD. Field units equipped with alternate software or systems incompatible with
HYPACK MAX should consult the appropriate user’s manuals and/or contact the regional HSTP
Field Support Liaison for guidance.

3.2.3.1 HYPACK MAX

HYPACK MAX is produced by HYPACK, Inc. (formerly Coastal Oceanographics). This software is
compatible with most types of VBES systems and can also be used for MBES data acquisition,
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as discussed in section|3.2.4.1] In addition to recording bathymetry data, HYPACK MAX includes
capabilities for completing the following tasks:

o Survey preparation and line planning.
o Precise survey line navigation.
o Recording of supporting sensor data such as position, heading, and attitude.

o GPS coordinated time-tagging of sonar and supporting data.

[¢]

Display of geo-referenced images as background files during acquisition.

3.2.3.1.1 System Setup To record, or “log,” data using HYPACK MAX, a Project must first
be created. Separate HYPACK MAX Projects are typically created either for each survey or for
each data type to be acquired. Be certain to save each newly created Project with a unique
name, or all changes will be lost when another Project is loaded. Critical steps for Project
creation are described below. Once saved, Projects can be loaded and changed as necessary.

3.2.3.1.1.1 Device Setup For each Project the hydrographer should assign a default
Device Setup that includes drivers and recording settings for each sensor. Since data formats
can vary drastically and HYPACK MAX manages data for numerous sensors, it is critical that the
correct Device Setup be loaded for each type of sensor being used. If a Project’s default Device
Setup is incorrect for the systems being used, a different Device Setup can be loaded after the
Project has been opened. Although creating a Project for each survey seems well organized,
having a Project for each data type may better ensure that the correct Device Setup is used for
data acquisition if multiple configurations will be needed for a single survey. OCS recommends
that master Device Setups for each system configuration be backed-up to a removable disk
and maintained by the FOO or equivalent.

As a general rule, no offsets should be entered in the HYPACK MAX Device Setup. It is
OCS’s policy to record survey data in the most “raw” form possible, then apply corrections and
offsets during post-processing. One exception to this rule is transducer offsets. Transducer
offsets entered in HYPACK will not be applied to recorded data. However, they will affect the
displayed data and may be desirable for precise line-steering, particularly if offsets are large
as with a side-mounted system.

3.2.3.1.1.2 Geodesy Default geodesy parameters should be set for each Project. All
OCS hydrographic survey data shall be acquired in the North American Datum of 1983 (NAD83).
This is accomplished in HYPACK MAX by selecting the GRS80 ellipsoid and appropriate UTM
zone.

3.2.3.1.1.3 Line and Background Files Planned survey line files and any associated
background files, such as charts and limits, should be loaded for each Project. HYPACK MAX is
capable of reading these files from any local computer directory as well as across a network.
However, it is recommended that all Project files be stored within the local HYPACK MAX Project
directory. This file management strategy is easily implemented by using the File > Add File and
Copy option when initially loading Project files, which will automatically copy each file to the
current HYPACK MAX Project directory.
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3.2.3.1.2 Recording Data Prior to recording survey data in HYPACK MAX, certain critical
system settings and operations should be verified. These quick system checks are highly rec-
ommended by OCS, as they can prevent errors that require extensive editing or complete
reacquisition of data.

3.2.3.1.2.1 Time Synchronization Through the Kinematic.dll device driver, HYPACK
MAX uses an internal timing algorithm called “Veritime” to time stamp data during acquisition.
Veritime synchronizes the time recorded in the raw data to UTC time from the GPS system, and
will also automatically reset the acquisition computer clock to UTC time. By default, Veritime
will determine UTC time from the GPS receiver’'s NMEA0183 ZDA message. Thus, the hydro-
grapher must ensure that this ZDA message is being output by the GPS unit. Note: HYPACK
provides an option to “Sync clock on other sentences than ZDA” Unless a system is configured
for Precise Timing, this option is not recommended by OCS and should not be used for OCS
survey data without first contacting the regional HSTP Field Support Liaison. Time is a critical
component of survey data, and it is recommended that the hydrographer periodically verify
that time stamps are being applied correctly to logged data.

3.2.3.1.2.2 Devices Test Once all survey sensors are operating, the user should test
that sensor data are being properly received by HYPACK MAX. By navigating through the HY-
PACK MAX Hardware program, the user can “Test All” devices. This function opens a new
window for each sensor in the current Device Setup. Data strings being received by HYPACK
MAX will be displayed for each device. Although data strings can be complex, the expected
data from each sensor should be easily identifiable somewhere in the datagram. Two common
problem indicators during this test are either no data or a string of gibberish being displayed.
No data being displayed is often indicative of sensor or cable failure, while gibberish frequently
means that the sensor output baud rate does not agree with the receiving baud rate setting in
HYPACK MAX.

3.2.3.1.2.3 Logged Data Paths By default, HYPACK MAX will log survey line data under
the active HYPACK Project directory in a folder named “Raw”, and target files will be recorded
to a file in the format mmddyyyy.tgt created in the Project directory. However, each field
unit will have a standard directory structure to which data and targets should be logged. It
is important for the user to check “Override Project Path” (in SURVEY mode under Options >
Project Information) and select the appropriate folder for both survey line data and target file
data prior to beginning daily data acquisition. Using this option, survey and target data may
be logged anywhere on the local system or across a network.

Additional point data can be appended to a target file by pre-loading an existing target
file. Pre-loading is accomplished in the primary HYPACK MAX window by copying files into the
“Target Files” folder, a process similar to loading planned survey line files. Target files can also
be loaded as Chart Files (background data) in SURVEY mode, but these targets will be simply
displayed on the screen, i.e., it will not be possible to select a target and see a range and
bearing to it for use in navigation.

3.2.3.1.2.4 File Extensions Unless otherwise specified, VBES data will be automati-
cally recorded with the file extension *.raw. However, it is OCS standard policy to log HYPACK
VBES data with a Day of Year (DQOY) file extension. Note: HYPACK erroneously terms the DOY
format as “Julian Day”. In SURVEY mode, the “Julian Day as Extension” option should be chosen
under the Options > Project Information menu to create files with DOY extensions.
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3.2.4 Multibeam Echosounder Data

There are two common types of MBES systems, swath and sweep. Swath systems produce
multiple acoustic beams from a single transducer, while sweep systems consist of an array of
vertical beam transducers mounted on a boom. NOAA hydrographic field units typically use
swath systems; thus, only swath types will be discussed in this manual. Swath MBES systems
can be further classified into digital beamformers and interferometric systems. Regardless
of type, all swath systems measure both the angle and two-way travel time of the acoustic
signals. The frequency of the signal varies from system to system, typically ranging between
12 and 455 kHz. During each sonar ping, a projector transmits a swath of acoustic energy into
the water. Reflected energy returns to the transducer, where it is detected by a hydrophone.
The way in which the return signal is received is one of the main differences between digital
beamformers and interferometric systems. Digital beamformers have a defined number of
beams and a specific beam width for the hydrophone, whereas interferometric systems sample
their receive beam across its length at varying intervals.

Many MBES systems are capable of recording acoustic backscatter data. Multibeam backscat-
ter is intensity data that can be processed to create low resolution imagery. Backscatter is
co-registered with the bathymetry data and is often used to assist with bathymetric data inter-
pretation and post-processing. To optimize a system for backscatter data quality, refer to the
manufacturer’'s documentation. However, the hydrographer should be cognizant that adjusting
a MBES system to enhance backscatter data may detrimentally affect bathymetry data quality.

NOAA hydrographic field units have mounted MBES systems using a variety of methods,
but these configurations can be classified into one of two basic types: hull-mounts and pole-
mounts. Each type of sonar mount has inherent benefits and potential problems that should
be considered during data acquisition.

A hull-mounted system is generally very stable and semi-permanent, producing data with
minimal noise due to vibration. A hull-mounted configuration can be accomplished by notching
the vessel keel and installing the sonar head along the keel line, attaching a mounting plate
for the sonar head to the vessel hull, or cutting a box into the hull and creating a retractable
mount for the sonar head. The flow of water along a vessel hull can create air bubbles, which
may cause noise in a hull-mounted system. This potential problem should be considered when
designing a hull-mount system. Note: The aforementioned retractable mounting system is
essentially a hybrid of a hull-mount and a pole-mount. Benefits and drawbacks associated with
each type of configuration should be considered when designing and installing such a system.

A pole-mounted system is often the quickest and least intrusive mounting configuration. In
its simplest form, the sonar head is mounted to a large pole that can be pivoted into the water
during data acquisition, then pivoted back out and secured to minimize drag during transits. A
more complex pole-type mount may consist of a retractable hinged arm that is unfolded into
the water for data acquisition. When using a pole-mounted system, it is critical that the sonar
can be both reliably deployed to a repeatable position (with respect to the vessel reference
frame) and adequately stabilized during data acquisition. Pins or guy-wires are often used to
help with system stabilization. Noise due to vibration of the mounting pole at certain vessel
speeds is a common problem with pole-mounted systems.

Auxiliary sensors are normally used for acquiring data to correct MBES soundings for vessel
attitude, position, and sound speed. Time synchronization of all sensor inputs is critical when
acquiring MBES data, and there are several methods which can be used to accomplish this.
Many NOAA hydrographic field units use a method called Precise Timing to time stamp survey
data at the time of acquisition (see [3.2.4.1.2). Data acquisition software packages typically
include a process to automatically synchronize the acquisition computer clock to Coordinated
Universal Time (UTC) provided by a GPS receiver. Data is then time tagged as it is received and
logged by the computer. If possible, OCS recommends configuring MBES systems with Precise
Timing, which will minimize data artifacts due to latency in serial and ethernet interfaces. If
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using a flat-faced MBES transducer array, it is also critical that sound speed be measured at the
face of the transducer for beam forming and beam steering. For this type of system, a surface
sound speed measuring instrument should be mounted at the sonar head, and its data input
directly to the sonar processing unit.

The HYPACK MAX / HYSWEEP software package and ISIS software package are both com-
monly used by NOAA hydrographic field units to acquire MBES data. OCS guidelines for us-
ing both types of systems are described below. Users should also refer to the HYPACK MAX
User’s Manual and/or ISIS Sonar User Manual, both included on the Hydrosoft DVD. Field units
equipped with alternate software or systems incompatible with these software packages should
consult the appropriate user’'s manuals and/or contact the regional HSTP Field Support Liaison
for guidance.

3.2.4.1 HYPACK MAX / HYSWEEP

HYSWEEP is an additional module available for the HYPACK MAX software package discussed in
[3.2.3.T] of this manual. HYSWEEP enables the hydrographer to record both MBES and SSS data,
and runs simultaneously with HYPACK MAX. The HYPACK MAX base program enables precise
survey line navigation for MBES operations. Many of the procedures required for VBES data
acquisition in HYPACK MAX also apply to MBES and SSS data acquisition using HYSWEEP.

Basic information for using the HYSWEEP software module is provided in this manual. For
more detailed information about the HYSWEEP program refer to the HYSWEEP User’s Manual.
This manual has been included on the Hydrosoft DVD.

3.2.4.1.1 System Setup System setup for HYSWEEP consists of adding MBES system de-
vices in the HYSWEEP Hardware configuration to enable communication with the sonar system
and the HYPACK MAX parent program. Note: HYSWEEP software can not be used to manipu-
late the sonar system settings. Any sonar settings changes must be performed using the sonar
manufacturer’s software interface. The HYSWEEP Hardware menu is accessible through the HY-
PACK MAX Hardware menu. No vessel or hardware offsets should be entered in HYSWEEP, as it
is OCS'’s policy to apply corrections and offsets to data during post-processing. Additional de-
vices may also be added to the HYPACK MAX hardware configuration for displaying multibeam
data (nadir depth and matrix data) in the HYPACK MAX survey window.

To record data using HYSWEEP, a Project must exist in HYPACK MAX. HYPACK MAX Project
creation is discussed in Be certain to save each newly created Project with a unique
name, or all changes will be lost when another Project is loaded. HYSWEEP files will be recorded
to the same directory selected in HYPACK MAX.

3.2.4.1.2 Recording Data Recording data using the HYSWEEP module of HYPACK MAX is
nearly identical to logging data directly in HYPACK MAX, as described in section[3.2.3.1.2] Typ-
ically both programs are run simultaneously. Data logging can be controlled in either the HY-
PACK MAX or the HYSWEEP program using the same commands and keyboard shortcuts. The
two survey programs will begin/end logging simultaneously when a record or stop recording
command is given in either one.

For OCS hydrographic surveys, HYSWEEP data shall be logged in ASCIl HSX (HYSWEEP Sur-
vey Extension) format. While logging data, the HYSWEEP main survey window should be used
to monitor logging and device alarms. MBES or SSS data can be displayed and monitored in
real-time using windows selected under the View menu. Range scales for depth and beam
width are accessed under the View > Options menu, and must be set to the appropriate values
according to expected water depth or data will not be displayed in the survey windows (though
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it will still be logged). Multibeam display options, quality control tests, coverage map settings,
and heave, pitch, and roll correction options are also accessed under View > Options menu.
Note: the option to “Apply Heave, Pitch, and Roll Corrections” is used for display purposes only,
and will not affect the raw recorded data.

3.2.4.2 IsisSonar (ISIS)

IsisSonar software, produced by Triton Imaging, Inc. (formerly Triton Elics International, TEI),
can be used to record data from a variety of sonar systems, including both MBES and SSS (see
3.3.1). In addition to recording raw sonar data, ISIS includes capabilities for completing the
following tasks:

o Recording of supporting sensor data such as position, heading, and attitude.

o GPS-coordinated time-tagging of sonar and supporting data.

[¢]

Display of geo-referenced images as background files during acquisition.

[¢]

Support of Precise Timing for data time-tagging, in some MBES configurations.

[¢]

Survey preparation and line planning.
o Precise survey line navigation.

o Real-time coverage mapping for MBES and SSS data.

Precise Timing is a MBES system configuration that improves the timing correlation of sonar,
attitude, and positioning data by applying a time stamp at the point of acquisition and retaining
that time in the data recorded by ISIS, rather than applying a time tag as data are transmitted to
the ISIS acquisition computer. A Precise Timing configuration may not be possible for all data
acquisition systems. Thus far, it has only been implemented in systems consisting of Reson
81xx series multibeam sonars with 81-P processors, Applanix POS/MV position and attitude
sensors, and ISIS software. Explicit guidance for configuring Reson + POS/MV + ISIS systems
to use Precise Timing is included in Appendix 3 (Precise_Timing_Setup.pdf).

3.2.4.2.1 System Setup To record data using ISIS, the user must first identify in ISIS’
Record Setup menu the sonar system being used. Multiple ISIS configurations are often created
on the same acquisition computer when more than one sonar system is used from a single plat-
form. ISIS settings will vary according to the sensors being used for each configuration. Note:
Be certain to save each separate ISIS configuration with a unique name, or all changes will be
lost when another configuration is loaded. Use the following procedure to save multiple ISIS
configurations:

o Make a copy of the existing ISIS configuration file (*.CFG) you want to save.

o

Rename the copied file, preferably to something which describes the system setup.

o

Make a copy of the ISIS shortcut icon on the acquisition computer’s desktop and rename
the icon, preferably to something which describes the system setup.

o

Change the copied icon’s target path to contain the renamed configuration file name as
follows: “...\ISISSonarn\v#.##\ISIS.exe /CFG=renamed_configuration_file_name.CFG.

o

Start ISIS with this new icon to recall the renamed configuration file.

o

To create another configuration, start ISIS with the original desktop shortcut, make appro-
priate configuration changes, and then save the configuration.
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3.2.4.2.1.1 Device Setup Once the sonar system is designated, a serial port must be
set up for each auxiliary device inputting data to ISIS. For each auxiliary device, the hydrog-
rapher must enter serial communication (COM) port settings and tell ISIS how to interpret the
incoming data string. The data format can be identified using a predefined template or by cre-
ating a unique template from a variety of tokens explained in the ISIS Sonar User Manual. This
manual has been included on the Hydrosoft DVD.

In some configurations, HYPACK MAX software is used simultaneously with ISIS for survey
line navigation and to coordinate data logging. For this type of setup, HYPACK MAX will transmit
a “Delph” serial data string to the ISIS computer. A long, and often confusing, user-defined
template must be entered for this COM port so that ISIS will properly parse the transmitted data
and allow HYPACK MAX to control recording. The field unit’s SOPs and senior survey personnel
should be consulted when configuring a Delph COM port in ISIS.

3.2.4.2.1.2 File Format The OCS standard file format for recording hydrographic sur-
vey data in ISIS is the Extended Triton Format (*.XTF). Under the File Format option of the
Record Setup menu, the user should select the *.XTF file format option and any additional
sonar-specific options per the unit’'s SOPs. Survey-specific file header notes should be entered
in this menu as well.

3.2.4.2.1.3 TritonMap, TritonNav, and BathyPro Basic ISIS software can be upgraded
with the TritonMap module to enable survey line planning, precise line steering, and real-time
coverage mapping that can be used directly for survey navigation. TritonMap includes two
sub-programs: TritonNav and BathyPro. TritonNav is used to perform survey line planning and
precise line steering. BathyPro processes MBES or SSS data in real-time and generates a cover-
age map for display. Coverage mapping capabilities include both digital terrain models (DTM)
for bathymetry and side scan mosaics for imagery. If using a real-time coverage map for sur-
vey navigation, it may be desirable to enter transducer offsets into the ISIS software. These
offsets will not affect recorded data but will correct the displayed data so that they are properly
geo-referenced and portray actual coverage obtained.

3.2.4.2.2 Recording Data Priortorecording survey data in ISIS, certain critical system set-
tings and operations should be verified. These quick system checks are highly recommended
by OCS, as they can prevent errors that require extensive editing or complete reacquisition of
data.

3.2.4.2.2.1 Time Synchronization Depending upon system configuration, ISIS soft-
ware will use one of two methods to time stamp survey data as it is recorded. For Precise
Timing configurations, ISIS will apply to all survey data a UTC time tag recorded at the time
of data acquisition for each sensor. If Precise Timing has not been implemented, ISIS will time
stamp all sensor data with a UTC tag as it is transmitted to the acquisition computer. In this sec-
ond case, UTC time is determined from one of several prioritized NMEAQ0183 strings received by
the GPS system. ISIS will initially attempt to read UTC time from the GPS receiver’'s NMEA0183
$ZDA message. $ZDA is the OCS-recommended time source for non-Precise Timing configu-
rations; thus, the hydrographer should ensure that this $ZDA message is being output by the
GPS unit. The acquisition computer’s clock will be synchronized to whichever source will be
used to time stamp survey data. Time is a critical component of survey data, and it is recom-
mended that the hydrographer periodically verify that time stamps are being applied correctly
to logged data.

Note: ISIS can be configured to read time from other NMEA0183 strings via specific entries
in the GPS com port’s token string. The user should be certain not to unintentionally exclude
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the ZDA message by entering “NO ZDA” or “NO CLOCK"” in the token string. Refer to the ISIS
Sonar User’s Manual for further information on taken strings.

3.2.4.2.2.2 Devices Test Once all survey sensors are operating, the user should test
that sensor data are being properly received by ISIS. By navigating through the ISIS Tools
menu, the user can perform a COM Port Test. This test displays the serial data string being
received over each COM port. Although data strings can be complex, the expected data from
each sensor should be easily identifiable somewhere in the datagram. Two common problem
indicators during this test are either no data or a string of gibberish being displayed. No data
being displayed is often indicative of sensor or cable failure, while gibberish frequently means
that the sensor output baud rate does not agree with the receiving baud rate setting in ISIS.

Note: Serial bathymetry data may be recorded in hexadecimal format, which should not be
confused with gibberish.

3.2.4.2.2.3 Logged Data Paths The user should set the desired path for logged survey
line data each day. This process will vary according to system configuration. If HYPACK MAX
software is being used for survey line navigation, the data path is set within the ISIS “HYPACK
DDE” window. If using TritonMap software, the data path should be set in the ISIS “Switch File”
window.

3.2.4.2.2.4 Storage Capacity Depending upon the sonar system, extensive quantities
of ISIS data may be acquired each day. The user should verify that adequate disk space is
available prior to commencing data acquisition. If disk space is exceeded on the user selected
drive, ISIS will automatically begin logging data to a file named Overflow#.xtf on the acquisition
computer’s hard drive. Each time logging is started and stopped or the maximum file size is
met, a sequential Overflow#.xtf file will be created. Thus, an unaware system operator could
inadvertently record a significant number of data files which would require renaming.

3.2.4.2.2.5 Sonar Adjustment Depending upon the sonar system being used, ISIS may
provide a Server menu. A Server menu will allow the user to manipulate many of the actual
sonar settings through the ISIS software. Settings will vary according to system type and sur-
vey location. The field unit’s SOPs and/or senior survey personnel should be consulted for
recommended sonar adjustments.

3.2.4.2.2.6 Data Monitoring ISIS software has been known to occasionally freeze and
stop logging data. When monitoring an ISIS system during data acquisition, the hydrographer
should be certain to verify that data is continually scrolling in the Waterfall window and that
both navigation and attitude data values are being updated in the ISIS Parameter Display win-
dow. If using a Precise Timing configuration, the hydrographer should also verify that UTC time
and all system data are being updated in the Sensor Inputs section of the Reson processor’s
BITE screen.

3.2.4.3 Multibeam Backscatter Data

Acquire and submit multibeam backscatter data whenever feasible. Submit backscatter data
in snippet mode rather than pseudo side-scan sonar mode.
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3.2.5 Diver Least Depth Gauge (DLDG) Data

A Diver Least Depth Gauge is sometimes used by NOAA hydrographic field units to determine
or verify the least depth of a feature. Depth is determined by comparing a pressure value
at a feature’s least depth to a surface pressure and correlating this difference to water depth
based on the local water density. For more detailed DLDG information, refer to the document
DLDG.pdf in Appendix 3.

Prior to conducting dive operations, the DLDG battery voltage should be checked and a
watertight plug installed to cover the gauge’s six-pin power connection. Additionally, OCS
recommends that either a grease pencil or a diver’s tablet be secured to the unit to record
least depth pressures and feature information. A NOAA Dive Center-approved fastener is often
used to secure the DLDG to the diver’s buoyancy compensator.

At each dive site, a surface DLDG pressure must be recorded. OCS recommends taking
a surface reading both before and after the dive, then averaging the two surface values for
post-processing. Divers should survey the entire feature to identify the point of least depth.
Once the least depth point is located, the DLDG should be placed level with this point and a
pressure reading determined. Pressure values will vary with surface sea action, so a value eye
averaged over a period of a few seconds should be recorded. A buoy marker should then be
moved to the point of least depth so that a DGPS position can be obtained from the surface. If
time permits and the item is complex, it is beneficial to record dimensions and make a quick
sketch, noting the point of least depth. At the conclusion of the dive, a sound speed profile
must be conducted in the vicinity using a Sea-Bird SEACAT profiler to determine local water
density. Using a SEACAT system enables the DLDG pressures to be processed with Velocwin
software. A Dive Investigation Report should be promptly filled out for each item investigated.
A report form (Dive_Investigation_Report.pdf) is included in Appendix 3.

3.3 Imagery Acquisition

NOAA hydrographic field units use a variety of sonar systems to acquire imagery data. Side
scan sonars (SSS) are preferred for their object detection capabilities; however, many MBES
systems can record acoustic backscatter data. Although acoustic backscatter may assist with
multibeam data processing and determination of seabed characteristics when planning bottom
sample operations, it does not meet OCS object detection criteria for hydrographic surveys.
Since side scan data meets the OCS imagery requirements, this section of the FPM is dedicated
to operating side scan systems and recording SSS data using common software packages.

3.3.1 Side Scan Sonar (SSS) Data

Side scan sonar systems and configurations vary among NOAA hydrographic field units. Tradi-
tional SSS operations consist of a sonar body, or “towfish,” which is towed behind a vessel via
a cable and winch system. During operations, transducers located on each side of the towfish
emit an acoustic signal that ensonifies a wide swath of seabed. The frequency of the signal
varies from system to system, typically ranging between 100 and 500 kHz. Lower frequencies
will increase the maximum range scale of a SSS, but imagery quality and resolution increases
with higher frequencies. The amplitude of returning echoes from the seafloor are recorded and
geo-referenced based on the return time series. The intensity of the SSS return signal will also
be affected by the acoustic reflectivity of the sea floor. For example, rock and metal objects are
better reflectors than sand or mud. If the seafloor is flat, the return signal will include ampli-
tude values at regular intervals along the entire range scale. However, if a scour is present or
an object is elevated from the sea floor, a portion of the return signal will be irregularly spaced
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in time. This interruption causes an acoustic shadow, or a lack of return signal, along a portion
of the range scale. This basic side scan sonar theory of operation is illustrated in Figure 3.1}

Side Scan Sonar

VA . & p——
J.ﬁﬂ;e?w of Operation

Figure 3.1: Basic side scan sonar theory of operation.

Side scan systems are typically towed at depth to increase sonar grazing angles and object
detection capability. For optimum object detection, OCS recommends maintaining a towfish
height of 8-20% of the operating range scale. NOAA's hydrographic field units effectively use
both towed and hull-mounted SSS configurations. Each type of configuration has inherent
benefits and potential problems that should be considered during data acquisition.

In towed configurations, towfish height is controlled by a combination of vessel speed and
cable out. Although a towed configuration will maximize object detection abilities in various
water depths, a certain amount of positioning error is inherent in any towed system. Because
of this additional error source, SSS data are rarely used for final positioning of a feature. For
hull-mounted configurations, position data are more accurate and operations can be conducted
safely and effectively in shallow waters. However, since a hard-mounted system can not be
lowered into the water column, sonar grazing angles will be directly affected by the water
depth. As depth increases, object detection capabilities will decrease. It may not be possible
to meet object detection criteria in deeper waters with a hull-mounted configuration.

Note: When operating a towed SSS system, towfish height should be carefully monitored.
If a sonar grounding is imminent, increasing vessel speed will typically raise the towfish. This
effect can be expected even if the towfish is equipped with a large depressor wing, although
the result will be less dramatic.

The IsisSonar and SonarPro software packages are both commonly used by NOAA hydro-
graphic field units to acquire SSS data. OCS guidelines for using both software packages are
described below. Users should also refer to the ISIS Sonar User Manual and/or SonarPro Op-
eration Manual, both of which have been included on the Hydrosoft DVD. Field units equipped
with alternate software or systems incompatible with these software packages should consult
the appropriate user’s manuals and/or contact the regional HSTP Field Support Liaison for guid-
ance.
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3.3.1.1 IsisSonar (ISIS)

ISIS software can be used to record data from a variety of sonar systems, including both SSS
and MBES. Refer to[3.2.4.2|for information pertaining to ISIS software capabilities.

3.3.1.1.1 System Setup The processes required to set up ISIS software for logging SSS
and MBES data are similar and are detailed in[3.2.4.2.1] However, some of the actual sensors
employed for data acquisition will vary. Separate ISIS configurations are often created on the
same acquisition computer when more than one sonar system is used from a single platform,
and the hydrographer must be certain that the correct configuration is used for data acquisi-
tion.

3.3.1.1.2 Recording Data Guidance for recording both SSS and MBES sonar data in ISIS
software is similar. These procedures are discussed in [3.2.4.2.2] The daily system checks
mentioned in are also recommended prior to recording SSS data, as they can pre-
vent errors that require extensive editing or complete reacquisition of data. The field unit’s
SOPs and/or senior survey personnel should be consulted for specific sonar adjustments and
operation.

3.3.1.2 SonarPro

SonarPro, produced by Klein Associates (now a part of L-3 Communications), is a comprehen-
sive software package compatible with the Klein 5000 Multi-beam and Klein 3000 Dual Fre-
quency SSS systems. In addition to display and recording of SSS data, SonarPro includes a ca-
pability for managing sonar targets. This target management functionality can be particularly
useful when performing emergency response surveys. Detailed information about SonarPro
can be found in the SonarPro Operation Manual.

3.3.1.2.1 System Setup Since SonarPro is specifically designed to operate with Klein Sys-
tem 5000 and 3000 side scan sonars, system setup requirements are minimal. Klein System
5000 and 3000 sonars must be booted using a program called vxWorks. (OCS recommends
that the boot process be monitored using a HyperTerminal connection between the acquisition
computer and Klein TPU.) The vxWorks program will differ depending on which sonar system
is being used (5000 or 3000), allowing SonarPro to automatically detect and configure for the
type of system to which it is connecting.

Note: If using both 5000 and 3000 systems on the same acquisition system, be certain
that the vxWorks file corresponding to the current system configuration is loaded in the “klein”
directory before booting the sonar.

3.3.1.2.2 Recording Data Once the SSS has been booted, SonarPro software should be
started (or if already running, select the towfish button from the main SonarPro display window
to connect to the sonar). The user will be prompted to enter the Klein TPU Internet Protocol
(IP) address to establish a connection between the acquisition computer and the sonar system.
After creating a connection to the TPU, a Survey Wizard window will open that can be used
to set up a data logging directory and target parameters. (The wizard may also be bypassed
and accessed later from the main tool bar.) SonarPro will automatically display a Sonar Viewer
window with SSS waterfall and towfish controls allowing the operator to start and stop the
sonar from pinging. Once the operator is satisfied with the primary system setting choices,
he/she should save the session by executing the Save State-Registry option under the Sessions
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menu. Saving State-Registry will cause SonarPro to open in this configuration the next time the
software is opened.

3.3.1.2.2.1 Towfish Setup Towfish setup is accessed through the Towfish button in the
Sonar Viewer window. OCS recommended setup values are listed in Table[3.I] When conduct-
ing standard OCS hydrographic surveys, the most efficient SSS range scale should be used, as
described in[2.5.3.1.2] SonarPro will automatically select an optimal pulse length for the user

defined range scale.

| Sonar Setting

High Frequency

Low Frequency

Sonar Range

Set for maximum efficiency
according to depth

Set for maximum efficiency
according to depth

Pulse Length Default Default
Despeckle Sonar Image | Off Off
Sonar Resolution Normal Normal
Side Scan System State | Default Default
TPU Responder Control | Off Off
Responder Frequency 28.5 28,5

Towfish Speed

Determine by GPS

Determine by GPS

Speed of Sound

150000 cm/s

150000 cm/s

Table 3.1: Recommended towfish setup.

3.3.1.2.2.2 Cable Out and Layback The Cable Out window is accessed either using
the Cable Out button or from inside the Layback window by selecting the External Cable Out
Source button. Cable out values can be entered manually or automatically through external
cable out sources.

Note: When entering manual cable out, new values will not take effect until the user clicks
the “Apply” button.

The cable out source and settings will vary depending on the system configuration. The
operator should verify that Sonar Pro is reading the correct cable out values before logging
data.

The hydrographer may want to enter vessel layback parameters (i.e., offsets from the nav-
igation source to the sheave) so that SonarPro can generate accurate real-time positions for
targets. Entering these offset values is important when investigating targets on the fly, such
as during emergency response surveys. Vessel layback parameters are accessed through the
Layback button in the SonarPro window. Save and apply the layback parameters by selecting
the “Store Layback Parameters” button.

Note: Entering layback offset values will only affect the calculated positions of targets se-
lected during acquisition. Logged vessel navigation will not be affected, and towfish position
should be calculated during post-processing in CARIS.

3.3.1.2.2.3 Data Display Individual data display windows can be selected from the Win-
dow tab of the main SonarPro screen. If using a Klein 3000, separate SSS Sonar Viewer windows
should be opened to display both low frequency (100 kHz) and high frequency (500 kHz) data.
Since high frequencies provide higher resolution data, this data should be viewed in the pri-
mary display window. However, low frequency data should also be monitored as it may pick up
features missed by the high frequency.
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The user may want to display charts in SonarPro for navigation purposes. For the navigation
window to work properly, the user must first copy the desired *.BSB and *.KAP raster chart files
to the sub-folder designated for charts (commonly labeled Maptech) during SonarPro installa-
tion. It is recommended that only the charts needed for a given work area be maintained in the
chart folder to minimize software loading time. Note: If attempting to display multiple charts,
the charts must all have the same projection. Skewed raster charts will not display in SonarPro.

SonarPro provides two types of informational alarms, towfish altitude and towfish roll. It
is strongly recommended that the towfish altitude alarm be set to visually and (if possible)
audibly alert the user when this value falls below 5 meters. Towfish roll is a less critical value,
and this alarm can be used at the hydrographer’s discretion.

3.3.1.2.2.4 Data Logging SonarPro provides the option of logging SSS data in either
* XTF format or Klein’s proprietary Sensor Data Format (*.SDF). OCS’s standard policy is to log
SonarPro data using the *.SDF format. The *.SDF format logs vessel position and cable out
values, but not towfish position. A towfish position will be calculated during post-processing in
CARIS. To begin logging *.SDF data, select the Record SDF button in the Sonar Data Recorder
window. Maximum file size is set by specifying the maximum number of minutes per disk file
in the data logging window. A maximum file size between 30 and 45 minutes is recommended
based on field unit experience.

Note: If using HYPACK software for vessel navigation and logging bathymetry data, HYPACK
and SonarPro must be started and stopped independently.

3.4 Position and Attitude Data

Position data should be determined as accurately as possible when conducting OCS hydro-
graphic surveys. High-accuracy geographic positions are typically acquired using differentially-
corrected GPS (DGPS) data. Position data quality must be periodically verified by performing
confidence checks in accordance with section 3 of the HSSD.

Vessel attitude is also a critical component for acquiring high-accuracy survey data. Attitude
is comprised of four separate types of motion: heave, pitch, roll, and yaw. Heave is the purely
vertical component of vessel motion. Pitch is rotation of the vessel about its athwartships axis
of motion. Roll is vessel motion about the fore-aft axis. Yaw, commonly referred to as vessel
heading or gyro, is rotation about the vessel’s vertical axis.

NOAA field units often measure position and attitude data using a single piece of equip-
ment, the POS/MV (Position and Orientation System for Marine Vessels), manufactured by Ap-
planix. Alternately, a combination of systems may be used to measure position, heading, and
heave/pitch/roll individually.

3.4.1 Applanix POS/MV

The Applanix POS/MV is a GPS-aided Inertial Navigation System. It consists of two dual-frequency
GPS receivers, an Inertial Measurement Unit (IMU), and a Processing unit. The IMU and GPS re-
ceivers are complementary sensors; data from one are used to filter and constrain errors from
the other, resulting in high accuracy position and heading data. A GPS Azimuth Measurement
Subsystem (GAMS) is used to aid the POS/MV in determining heading. GAMS heading aiding
increases the system'’s achievable heading measurement accuracy, independent of latitude or
vessel maneuvers. Additionally, the IMU senses linear acceleration and angular motion along
the three major axes of the vessel to determine heave, pitch, and roll.
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POS/MV Controller software allows the user to interact with the Processing unit for purposes
such as performing calibrations and monitoring data accuracy. When acquiring data for OCS
hydrographic surveys, POS/MV User Accuracy parameters shall be set such that the error values
identified in Table are not exceeded. If these User Accuracy parameters can not be met,
the field unit shall contact the regional HSTP Field Support Liaison for guidance.

| Data Parameter [ Maximum Allowable Error |

Attitude (Roll/Pitch) 0.05 degrees
Heading 0.05 degrees
Position 2.5 meters at 1 sigma
Velocity 1.0 m/s

Table 3.2: Maximum allowable POS/MV error for OCS surveys

The POS/MV Controller Program should be monitored continuously during survey data acqui-
sition to ensure that the system is functioning properly and accuracy parameters are not ex-
ceeded. Occasionally, GAMS will experience difficulty determining heading parameters. Three
common GAMS problems and corresponding solutions recommended by Applanix are described
in Table 3.3l

POS/MV Symptom

Cause of Problem

| Recommended Solution

|

POS/MV heading is correct
within the User Accuracy
parameters, but the
“Invalid Installation
Parameters” fault is red.

POS/MV has resolved the
wrong set of ambiguities
for its GAMS heading
aiding

1. Select View > GAMS
Solution and ensure PDOP is
less than 3 and number of
satellites is greater than 5.
2. Select Settings >
Installation > GAMS
Installation Parameters and
click “Apply.”

Heading Accuracy on the
main Controller screen
reads 55° for more than
five minutes after
powering on system.

POS/MV was not able to
obtain an initial heading,
a.k.a. “resolving its
quadrant.” This will most
likely occur if POS/MV is
powered on while the
vessel is stationary.

1. Cycle POS/MV power.
2. Temporarily turn off
DGPS corrections.

3. Power on POS/MV only
while underway.

Heading does not match
known vessel heading
once quadrant is resolved.
The “Invalid Installation
Parameters” fault is red

POS/MV has resolved the
wrong quadrant.

Cycle system to “Standby”
and back to “Navigate”.

Table 3.3: Common GAMS problems and recommended fixes.

Refer to the appropriate Applanix POS/MV User’s Manual, included on the Hydrosoft DVD,
for additional information on the POS/MV system.

3.4.1.1 Differential Correction

GPS accuracy is improved by applying correctors from land-based differential radiobeacons.
The POS/MV system uses these differential corrections (RTCM SC-104 messages) when deter-
mining vessel position. However, the POS/MV system does not include a differential receiver.
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A separate receiver must be serially integrated into the POS/MV configuration to obtain these
messages. NOAA hydrographic field units often use Trimble DSM-212L or AGR-132 DGPS re-
ceivers to acquire differential corrections for POS/MV input.

NOAA hydrographic field units should use differential corrections from the United States
Coast Guard (USCG) radiobeacon closest in distance to the survey area, if possible. If a beacon
receiver is capable of monitoring more than one radiobeacon frequency, the unit should be set
such that only one beacon station will be used. Allowing only one beacon frequency will prevent
the receiver from switching to another beacon station without the operator’s knowledge, which
could cause erratic positioning and make determining the source of correctors difficult. It may
be necessary to use an alternate radiobeacon station if the preferred beacon is not functioning
properly. In such cases, the use of this secondary differential beacon should be noted in the
data acquisition log.

3.4.1.1.1 Portable DGPS Reference Stations If differential correctors are not available
from a USCG radiobeacon, a portable (previously known as a “Fly-Away”) DGPS reference sta-
tion can be set up by a field unit. A DGPS Reference station (Figure consists of an L1/L2
GPS receiver, a radio transmitter, a radio receiver, a VHF Antenna, tripods or light brackets,
marine batteries, solar panels, a timer, and a laptop computer.

When choosing a site for DGPS reference station installation, the hydrographer should set it
in a convenient place with good VHF line of sight to survey area and clear view of GPS satellites
overhead (substantially clear sky all around from 10 degrees above horizon - see Chapter 3
appendices for more information). Consider in particular the following locations:

o setup over tidal bench mark: provides connection between tidal and GPS correctors.
o setup over other existing control mark: provides check with prior survey work

o least favorite: establish a new control mark (monumentation instructions available from
NGS)

Find existing control marks using the "datasheets" link from National Geodetic Survey http:
//geodesy.noaa.gov/. If no accurate coordinates exist for your control mark, submit a survey
data file to OPUS http://geodesy.noaa.gov/0PUS. For maximum accuracy, submit two each 6-
hour files (see[3.5.3)and average the resultant coordinates (if OPUS results do not agree within
2cm, consult with NGS). Occasional repetition of this OPUS solution is recommended to provide
confidence checks. Note, OPUS will soon allow archiving of geodetic control directly from the
website. To allow this, record photos of the mark and a description of the mark location (see
draft requirements here: http://beta.ngs.noaa.gov/0PUS/|).

Instructions for setting up the beacon are provided with the kit and will not be provided here.

Check the entire beacon system by placing a roving receiver in a stable spot and tracking
the position for 24 hours (see section 3.2.2. of the HSSD). If the resulting scatter plot (from the
Trimble Pathfinder ProXRS or other receiver software) shows that more than 5% of positions
exceed 5 meters from the average, this is an indication that there is a problem. Otherwise,
save a screen shot of the scatter plot for your files.


http://geodesy.noaa.gov/
http://geodesy.noaa.gov/
http://geodesy.noaa.gov/OPUS
http://beta.ngs.noaa.gov/OPUS/
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Figure 3.2: Photograph of DGPS reference station setup.

3.4.1.2 True Heave

Heave data is calculated using a double integration of acceleration over a period of time. When
recording heave in real-time, the calculation is performed using only past measurements of
acceleration. An improved estimate of vessel low-frequency heave can be calculated by per-
forming the integration over a time period centered on the time of interest, resulting in a “true
heave” value (also referred to as “delayed heave”). “TrueHeave” is an option available with
POS/MV V3 (firmware version 2.2 or greater) or with POS MV V4; additionally, a separate license
and POS MV Controller v1.3.9.0 or greater is required. POS/MV TrueHeave is effective across
long-period wave conditions (16- to 30-second period swell), whereas a real-time heave filter
tends to exhibit its most notable artifacts in such conditions (>16 seconds).

Note: TrueHeave does not replace the need for dynamic draft corrections or water level
corrections.

TrueHeave is logged using the POS/MV Controller software, via the Ethernet connection to
the POS/MV PCS. TrueHeave data logging must be controlled separately from the primary data
acquisition software, but it can be continuously recorded throughout the day. The TrueHeave
filter requires a period of up to five (5) minutes after it has been enabled to initialize. The filter
uses vertical acceleration data three (3) minutes past real time; hence, logging must continue
for at least three (3) minutes past the ending time of survey line data acquisition. The time base
used for TrueHeave data, "Heave Time 1", is user selectable in the POS/MV Controller software.
For OCS hydrographic surveys, UTC (default) should be selected, not GPS time. Refer to the
"TrueHeave Documentation 050603.pdf" included on the Hydrosoft DVD for more information
regarding the theory, operation, and setup of TrueHeave.

TrueHeave files are applied to survey data during CARIS HIPS post-processing via the Load
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True Heave tool, as discussed in section|4.2.3.3

3.4.2 Alternate Positioning Equipment
3.4.2.1 Vessel-mounted DGPS Receivers

Numerous types of differential positioning systems are available on the open market, including
terrestrial based DGPS receivers as well as satellite based DGPS receivers. NOAA hydrographic
field units planning to acquire hydrographic survey data with a positioning system not iden-
tified in this manual should contact the regional HSTP Field Support Liaison for guidance and
review the system’s accuracies to confirm that survey specifications can be met. DGPS re-
ceivers that can automatically switch DGPS stations based on signal strength or distance from
station should have these options disabled so that the receiver does not switch beacons while
acquiring data. This can lead to horizontal shifts in data.

Note: Wide Area Augmentation System (WAAS) corrections can be received by most com-
mercially available GPS units. WAAS relies heavily on a network of shore stations throughout
the United States and is very accurate for shore-based and aviation applications. However, this
accuracy may not apply to the marine environment.

WAAS corrections are not approved by OCS and shall not be used when acquiring data for
OCS hydrographic surveys.

3.4.2.1.1 Global Satellite-Based Augmentation System (GSBAS) correction In situ-
ations where USCG DGPS correctors are not available and it is not feasible to set up a portable
DGPS station (Fly Away), a field unit may choose to subscribe to a service such as NavCom Tech-
nologies StarFire network or C & C Technologies C-Nav network. These services utilize NASA's
Jet Propulsion Laboratory’s Real-Time GIPSY (RTG) Precise Point Positioning (PPP) technology to
generate corrections and then broadcast them over L-Band communication satellites.

Field units wishing to utilize this method must activate their receiver’s subscription. A 24
hour scatter plot over a known point must be conducted similar to the portable DGPS station.
The recording interval may be set to a maximum of 1 minute. Performance data generated from
the receiver’s software must be recorded in conjunction with the scatter plot for comparison
purposes. Distance from the nearest land-based observation station will affect the quality of
the correctors you receive, so the 24 hour scatter plot should be conducted in the vicinity of
the survey area. The field unit should remove the receiver from the vessel and conduct the
scatter plot on land as the accuracy of the unit is on the order (or smaller) of the swing of the
vessel on her mooring lines.

3.4.2.2 Portable GPS Units

In some situations, such as shoreline verification, it is more efficient for the field unit to position
features using a portable GPS unit. Various models of portable GPS units are available on the
open market. Portable GPS units shall meet the horizontal accuracy requirements as stated
in Section 3 of the HSSD. These systems and survey techniques are discussed in [3.5.3]- GPS
Horizontal and Vertical Positioning.
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3.4.3 Alternate Heave/Pitch/Roll Sensors
3.4.3.1 TSS Dynamic Motion Sensor

Some NOAA hydrographic field units use a TSS Dynamic Motion Sensor (DMS-05) for measuring
vessel heave, pitch, and roll. The DMS-05 includes an array of solid-state sensing elements that
measure instantaneous linear accelerations and angular rates affecting the sensor. Heave is
computed by double integration of the output from the linear accelerometer array. A filtering
routine is performed after each integration, limiting the low frequency response of the system
and allowing recovery from the erroneous effects of random noise and horizontal acceleration.
The DMS-05 should typically be configured with a bandwidth period of 12 seconds to optimize
the phase and amplitude of the vessel’s vertical position. Velocity and heading information can
be input to the DMS-05 from external devices to increase measurement accuracies.

3.4.4 Alternate Heading Sensors
3.4.4.1 Gyroscopic Compass

A gyroscopic (gyro) compass may be used to determine vessel heading. Gyro compasses use
the effects of gravity and the Earth’s rotation to produce a true north reference and may be
mechanical by design or use fiber optic or laser technology. Ideally, a gyro compass should
be installed on the centerline of the ship. When a gyro compass is used, the manufacturer’s
information should be reviewed carefully to determine if the system requires any user input
such as vessel latitude and/or speed to achieve the specified heading accuracy and to identify
approximately how much time is required for the system to slew when first powered up.

3.4.4.2 Course Over Ground (COG)

Vessel course over ground (COG) can be used to calculate a smoothed vessel heading. This
technique will not be appropriate when acquiring all types of hydrographic data. Generally,
any system hard mounted to the vessel will require an instantaneous heading. Since towed
systems will not be affected by every slight motion of the vessel, they can typically use a
calculated COG heading without detrimentally affecting the survey data. It may be possible to
adjust the smoothing factor associated with COG heading data. Manipulating the smoothing
factor would allow the user to adjust the frequency with which heading is calculated or how
many position points are used to estimate the vessel course.

3.5 Ancillary Data

Two basic types of ancillary data are acquired in conjunction with OCS hydrographic surveys.
The first type is used to correct sonar data and includes such measurements as sound speed
and water levels, as well as horizontal and vertical control data. The second type consists
of information that supports survey analyses beyond basic water depth measurements and
object detection. Positions for aids to navigation (ATONSs), bottom samples, shoreline determi-
nation, and Coast Pilot reviews are included in this second category. Both categories of data
are important if the field unit is to provide a complete hydrographic survey.
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3.5.1 Sound Speed Data

Sound speed data are used by NOAA hydrographic field units for multiple purposes. Primarily,
sound speed profiles of the entire water column are used to correct sounding data for the
effects of refraction and varying speed of sound through water. Water column profiles are also
used when processing absolute pressure data obtained by a DLDG so that a water depth can
be calculated. Additionally, flat arrays and to a lesser extent, the far off nadir beams in curved
arrays (of MBES systems) require a continual real time input of sound speed data at the sonar
head for proper beam forming and beam steering. It should be noted that using incorrect sound
speed at the transducer face in beam steering can seriously impact the proper computation of
launch/receive angle of all off-nadir beams on curved arrays.

When acquiring sound speed profiles to correct bathymetry, OCS recommends taking casts
in the deepest portion of the survey area for which the profile will be applied. If data will be
processed using Velocwin software, the sound velocity profile can be extended up to 30% of
the cast’s overall depth (in water depths less than 300 meters), providing more flexibility for
cast locations. In water depths greater than 300 meters, the cast data will be extended to the
maximum depth of historical data files loaded in the Velocwin program. The required frequency
of casts will be dependent on the survey area, but OCS strongly recommends that a cast be
performed at least every four hours during MBES data acquisition and once per week for VBES
data. Casts may need to be taken several times a day in areas with dramatic tide cycles or
subject to freshwater runoff or outfalls.

The Sea-Bird SEACAT conductivity, temperature, and depth profiler (CTD), Odom DigibarPro,
and Brooke Ocean Moving Vessel Profiler (MVP) are commonly used by NOAA hydrographic field
units to acquire sound speed data. Data acquisition is briefly discussed for each of these sys-
tems below. The user must be certain to record a DGPS position for each sound speed profile.
Position information will be required by Velocwin software for data processing. If a system not
discussed in this manual is being used to acquire sound speed data, the manufacturer’s user’s
manual and the regional HSTP Field Support Liaison should be consulted to determine proper
data acquisition procedures.

3.5.1.1 Sea-Bird SEACAT

The SEACAT is a portable, user-deployed, battery-operated instrument, typically housed in a
protective cage. The SEACAT records water salinity, temperature, and pressure (i.e., depth)
during deployment and retrieval. Sampling rate depends upon the CTD model being used, and
is typically between 2-4 samples per second. These data are processed using NOAA's Velocwin
software to calculate a sound speed profile for the water column. Prior to performing a cast,
OCS recommends that the SEACAT memory be cleared by performing a Pre-Cast Setup and the
instrument status be reviewed using Velocwin. If the SEACAT voltage is less than the following
values listed below, the instrument batteries should be changed:

o SBE 19PLUS: 9.5 volts
o SBE 19: 7 volts

In both cases, the user is told to inspect the battery cut-off value in the status message. The
battery should, at the very least, be one volt greater than the cut-off value.

The basic rule of thumb for conducting SEACAT casts is 3-2-1. The instrument should be
turned on and allowed to sit on deck for 3 minutes while the sensors settle and form baseline
measurements. Next, lower and hold the instrument just below the water’s surface for 2 min-
utes, then deploy it at a rate of approximately 1 meter of depth per second. Conducting a cast
too quickly may not provide enough data points for an accurate water column profile. Refer
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to the Sea-Bird SEACAT User’s Manual, included on the Hydrosoft DVD, for additional operating
instructions and to[1.5.2.3l

3.5.1.2 Odom DigibarPro

The DigibarPro Profiling Sound Velocimeter is a portable, user-deployed instrument consisting
of a 15-inch, 4-pound probe attached by cable to a waterproof, hand-held control unit powered
by internal batteries. The DigibarPro system includes a high frequency "sing-around" trans-
ducer and a reflector precisely spaced to facilitate measuring the speed of sound in water by
continuously transmitting and receiving a signal across a known separation distance. The sing-
around frequency and associated depth information are recorded at a rate of 10 samples per
second. In many OCS applications, DigibarPro systems have been mounted to or near a MBES
transducer to directly measure sound speed at the sonar face; however, some units deploy this
instrument to obtain full water column profiles. Recorded DigibarPro sound speed profiles can
be uploaded to a PC and processed using NOAA's Velocwin software. Refer to the DIGIBAR-PRO
Operation Manual, included on the Hydrosoft DVD, for additional operating instructions.

3.5.1.3 Brooke Ocean Moving Vessel Profiler (MVP)

The Moving Vessel Profiler (MVP) is an automated winch system that deploys various payloads
such as a free fall fish (FFF) that can be fitted with a sound speed sensor. The FFF is configured
to “fly” at a specified depth until deployed by use of a “messenger” on the cable. Once at
the depth limit, the winch is stopped manually and the drag forces on the FFF cause it to
rise toward the surface due to the ship’s forward motion while the slack cable is pulled in by
the winch. For OCS operations, the messenger is set on the tow cable so that the FFF flies
at survey transducer depth while the vessel is moving at survey speed. The FFF can either
be user-deployed or deployed automatically by the computer at a defined time interval to a
user-defined depth or a preset depth off bottom (typically 10 meters). The FFF is automatically
recovered to transducer depth, ready to be deployed again. Because of the large number of
casts that can be recorded by the MVP in a short time frame, it is convenient to batch process
the sound velocity profiles using Velocwin.

Note: Sound velocity profiles created by the MVP must be processed using Velocwin version
8.76 or later.

Refer to the MVP Operation and Maintenance Manual and the MVP Software Manual, included
on the Hydrosoft DVD, for additional information on this system and to[1.5.2.3|

3.5.2 Tide and Water Level Data

Tide and water level data are used by NOAA hydrographic field units to reduce bathymet-
ric data to a local mean lower-low water (MLLW) “chart datum.” The hydrographer should be
aware of the difference between tide data and water level data. Tides refer to the changes in
water levels due to astronomical forces only. Tides are the only water level changes that can
be scientifically predicted. Water level data refer to the actual (i.e., observed) changes in wa-
ter level due to the combined effects of astronomical forces, wind, rain, freshwater runoff, and
other meteorological events. It should be noted that predicted tides may differ significantly
from actual water levels. Typically, inland water level stations are more susceptible to meteo-
rological effects; thus, tide predictions for coastal water level stations can be expected to more
accurately represent actual water levels than those for inland stations. Stations in relatively
shallow water or with a small tidal range are also highly susceptible to meteorological effects,
making water levels difficult to accurately predict.
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3.5.2.1 Water Level Station Installation

Although CO-OPS will install, operate, and maintain control water level stations, hydrographic
field units may be required to install subordinate stations. If an installation will be necessary
for a project, it will be stated in the Project Instructions. In such cases, CO-OPS will provide
a recommended general area for the gauge. The field unit is responsible for performing re-
connaissance to determine if the recommended location is feasible. If the initial location is
determined to be unsuitable, the field unit shall recommend an alternate location for CO-OPS
approval. Gauge installation, operation, and removal shall be performed and documented
in accordance with section 4 of the HSSD and section of this manual. A copy of
CO-0OPS’ Standing Project Instructions and Requirements For the Coastal Water Level Stations
(Stndg_Instr_Coastal WL Stns.doc) and the CO-OPS Evaluation Criteria for Water Level Station
Documentation Check-Off List (WL _Records_Checklist.doc) are included in Appendix 3.

3.5.2.2 Bench mark Recovery and Leveling

A bench mark is a fixed physical object or marker (monumentation) set for stability and used
as a reference to the vertical and/or horizontal datums. Bench marks in the vicinity of a wa-
ter level station are used as the reference for the local tidal datums derived from the water
level data. The vertical relationship between the bench marks and the water level sensor
or tide staff is established by differential leveling. NOAA Hydrographic field units will often
be required to install and/or recover benchmarks and perform leveling operations for applica-
ble water level stations at the start and end of data acquisition for a project. Existing bench
mark descriptions and locations can be found under the Products menu of the CO-OPS web-
sitehttp://www.tidesandcurrents.noaa.gov.

Each water level station will have one bench mark, designated as the primary bench mark,
that shall be leveled to on every run. Levels must be run between the water level sensor or tide
staff and the required number of bench marks when the water level measurement station is
installed, modified (e.g., water level sensor serviced, staff, or orifice replaced), for time series
bracketing purposes, or prior to removal. Levels are required at least every six months during
the station’s operation, and are recommended after severe storms, hurricanes, earthquakes
to document stability. Levels run at subordinate stations operated for less than one-year shall
be at least third-order. Any requirements for higher order levels will be specified in the Project
Instructions for the project. Bench mark installation and gauge leveling shall be performed and
documented in accordance with section 4 of the HSSD.

Bracketing levels to an appropriate number of marks (five for subordinate stations) are re-
quired (a) if smooth tides are required inside of a 30 day time period. (b) if smooth tides are
required 30 days or more prior to the planned removal of an applicable gauge(s), or (c)) after 6
months for subordinate stations collecting data for long term projects. (CO-OPS Specifications
and Deliverables for Installation Operation and Removal of Water Level Stations, June 2007,
Section 3.4)

3.5.2.2.1 Newiz 2.0 Software When performing leveling operations, NOAA field units may
want to use the Newiz 2.0 software designed for use with a Personal Data Assistant (PDA). Newiz
2.0 is an in-house program that will check for thread errors and balance for each level shot. It
will also verify that both the overall level run and each individual loop have closed within NOS
tolerances. The Newiz 2.0 software will prompt the user to input data and produce an abstract
that summarizes the level run. Although this software may be useful for field operations, Newiz
2.0 has not been officially approved by CO-OPS. Thus, hard copy records must be completed
and submitted in accordance with section 4.6.1 of the HSSD. These records may be scanned to
create a document for digital submission.
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3.5.2.3 Water Level Data Retrieval

Typically, predicted tides or preliminary water level data are applied to soundings during ini-
tial post-processing. As verified or final water level data become available, the best qual-
ity data should be applied to bathymetry. Predicted tides will be provided on the Project
CD/DVD. If an internet connection is available, field units can download six-minute prelimi-
nary water level data directly from the Products > Tides section of the CO-OPS website http:
//www.tidesandcurrents.noaa.gov Within hours of data acquisition. Verified water level data
should be available from the CO-OPS website within seven days if the station has been placed
on the Hydro Hot List. If a station is not on the Hydro Hot List, verified data may take up to
a month to be posted. If an internet connection is not available, field units should register
with TideBot to receive water level data via email, as described in[3.5.2.3.2] Final water levels
(“Smooth Tides”) should be requested from CO-OPS, via a Request for Tides package that can
be automatically generated using Pydro software. Guidance for submitting a Request for Tides
is included in section[5.2.3.3.4]

3.5.2.3.1 Hydro Hot List CO-OPS maintains a list of water level stations that are currently
providing data for OCS hydrographic surveys. This list is referred to as the “Hydro Hot List.” If a
water level station is on the Hydro Hot List, it is monitored by CO-OPS’ Continuously Operating
Real-Time Monitoring System (CORMS) and its data are given priority over other gauge data
for office processing. Field units should notify CO-OPS by e-mailing: nos.coops.hpt@noaa.gov
when data acquisition begins for a new survey so that the associated water level stations
can be put on the Hydro Hot List. CO-OPS should also be advised when hydrographic sur-
vey data acquisition has been completed in an area so that stations can be removed from this
list. Include the following CO-OPS personnel on correspondence pertaining to water level sta-
tions: Thomas Landon (Thomas.Landon@noaa.gov) for east coast stations and Manoj Samant
(Manoj.Samant@noaa.gov) for west coast stations. Hydro Hot List can be found at http://
tidesandcurrents.noaa.gov/hydro.shtml.

3.5.2.3.2 TideBot TideBot allows a field unit to initialize, change, and cancel water level
data requests via web and email-based interfaces. Once configured, TideBot will automatically
transmit preliminary six-minute water level data via email on a scheduled, recurring basis. To
access TideBot through an email account, send an email to TideBot@noaa.gov with the word
“help” as the subject. An email reply will be sent with instructions on how to subscribe to
TideBot for time series data retrieval. TideBot subscriptions may also be added or removed
through the CO-OPS website at http://www.tidesandcurrents.noaa.gov/tidebot.html.

3.5.2.3.3 fetchtides fetchtides is a procedural program which allows a user to retrieve
tides data from a variety of sources including data e-mailed from tidebot, data in local files,
and live data available through CO-OPS’s Web Services. fetchtides then provides a mechanism
to store the imported data locally and then combine multiple days worth of data into one
CARIS readable tide file. For more information, see the fetchtides User Manual in the chapter 3
appendix.

3.5.3 GPS Horizontal and Vertical Positioning

NOAA hydrography frequently requires GPS positioning of features in the survey area indepen-
dent of depth sounding operations. Field units have a range of equipment and techniques at
their disposal to perform these measurements. While each survey will have slightly different
requirements, typical operations are summarized in Table[3.4] The rationale for recommended
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or required durations of GPS observations is given in Table Exact requirements can be
found in the NOS Hydrographic Surveys Specifications and Deliverables or the relevant Project

Instructions.

Accuracy Typical Typical Technique Typical Applications
Regime System
Sub-Meter Dual- -Two 6 hour occupations -Water level station geodetic
horizontal frequency (see Table 7) benchmarks with vertical
and/or receiver; -OPUS post-processing accuracy of 2cm @ 95%
vertical constant with precise ephemeris confidence*
height tripod -“Fly-Away"” DGPS Reference
Station Control Points Horizontal
Accuracy: 3rd Order or better
(<~1m @ 95% confidence) -
Range Markers Horizontal: 0.1m
@ 95% confidence
0.5-Meter Single -5 minutes of static L1 Ground Control Point Positioning
horizontal Frequency GPS data and differential | by Navitation Response Teams
Portable GPS correction for the National Geodetic
Receiver Survey’s Remote Sensing
(Trimble Division. See
ProXRS or RSD_GCP _Deliverables ver3-
similar) 5.pdf in the Chapter 3 appendix
for guidelines on data
acquisition.
Im @ 95% Single -10 tol5 minutes of - Fixed ATONs (beacons or lights)
confidence Frequency static occupation - Mooring Facility features used
Horizontal Portable GPS - Post-processed for zero
Receiver differential correction -visibility docking
(Trimble (Pathfinder Office utility
ProXRS or or similar)
similar)
5m @ 95% Survey Vessel | - DP with offset, short - Floating ATONs
confidence DGPS or static occupation, or - General Shoreline Features
Horizontal Single roving as appropriate
Frequency
Portable GPS
Receiver
(Trimble
ProXRS or
similar)

Table 3.4: Typical GPS positioning scenarios.
*Per requirements of the CO-OPS Users Guide for GPS Observations and NGS-58.
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Recommended or Required
Duration of Observation

Explanation

For Horizontal
or Vertical
positioning?

5 minutes

Due to advances in GPS technology,
sub-meter horizontal positioning is now
possible with an observation period of 5
minutes using the parameters found in
table 3.6 below.

Horizontal
only

15 minutes

Minimum recommended for OPUS-RS
which may be a preferred alternative for
much of your work. Unfortunately, it
doesn’t work in most remote locations or
far offshore.

2 hours

Minimum recommended for normal OPUS
and is fine for your accuracy needs.

4 hours

Minimum required for OPUS database (at
least for now).

6 hours

May be considered overkill, but preferred
whenever practicable; e.q., if the system is
set up to automatically record unattended
and would be left set-up anyway.

2nd observation

This is basic geodetic practice, but
probably won't tell you much unless you
really try for an independent observation
with a new observer, independent antenna
setup and measurement, etc.

Horizontal
and Vertical

Table 3.5: Rationale for recommended or required durations of GPS observations.

It should be noted that independent observations are the key to survey confidence. If the
hydrographer is using the same equipment, then it isn’t true independence but it will give at
least different satellites, different atmosphere, different ephemeris which could be an issue, at
least theoretically. Whenever there is a convenient opportunity to collect more observations,
it is recommended to do so and prove from repeated consistent OPUS results that you know

where you are.

3.5.3.1 Sub-Meter GPS Positioning

3.5.3.1.1 Equipment Operations which require sub-meter accuracy measurements of hor-
izontal and/or vertical position are generally accomplished with the following equipment:

o Dual Frequency (L1/L2) GPS receiver with internal logging, and appropriate batteries.

o L1/L2 ground plane GPS antenna.

o Antenna cable less than 10m in length. Shorter is better, but if you have or need longer
(to protect receiver or observer), then use it. Cables should be treated gently to avoid lost
or noisy signal which will decrease accuracy.

o Tripod or light bracket for antenna mounting (Fixed-height Tripod for high accuracy vertical

measurements).

The following additional equipment is typically needed to install the GPS equipment:
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o

Magnetic Compass (for antenna orientation).

o

Observation Log (see HorCon_VerCon_Obs_Log.pdf in Appendix 3 or http://www.ngs.noaa.
gov/PROJECTS/GPSmanual/data.htm#obslog).

Eyebolts, rock drill, rope/cable, etc. as required to secure antenna for long duration ob-
servation sessions.

[¢]

[¢]

Digital Camera for site documentation.

3.5.3.1.2 Observations Sub-meter GPS positioning requires concurrent observations at
one or more Continually Operating Reference Station (CORS) sites and/or other pre-existing
control stations with accuracies of at least a 1st order triangulation (for sub-meter horizontal
measurements) as well as vertical control for accurate vertical measurements (not A and B
order control for sub-meter vertical measurements — A and B order control is for vertical only).
For best results, the control station should be within 75km of the measurement site. Longer dis-
tances may be unavoidable in remote areas but may necessitate longer observation sessions
to achieve the same order of accuracy. Both CORS sites and supplemental reference station
information (A and B order control) is provided on the National Geodetic Survey CORS website:
http://www.ngs.noaa.gov/CORS/.

To perform GPS observations, first assemble the tripod or light bracket (for fixed lighted
ATONSs) over the point for which a new position will be determined. Be certain that the antenna
is plumb to the mark, oriented north, and level to the earth. Accurately measure the height of
the antenna reference point.

Once the antenna has been properly set up connect the GPS receiver and check that it has
the expected number of satellites in view and is computing a position. If performing a vertical
position measurement on the geodetic benchmark of a water level station, ensure that the
Vertical Dilution of Precision (VDOP) is less than 6.0 (as required by the CO-OPS Users Guide for
GPS Observations and NGS-58, included in Appendix 3). At sites with poor satellite visibility,
it may be necessary to use a GPS constellation prediction tool such as the Trimble Planning
software to schedule sessions for best available satellite geometry.

Configure the GPS receiver to record GPS pseudo ranges for the appropriate amount of time
to meet both accuracy specifications and post-processing requirements. There are several
methods that can be used to post-process GPS data; however, NOAA hydrographic field units
typically use NGS’s Online Positioning User’s Service (OPUS), which utilizes data from three
nearby CORS sites and is available athttp: //www.ngs .noaa.gov/0PUS. To ensure that the data can
be processed using OPUS, the following guidelines should be followed during data acquisition:

o Recording intervals on the GPS receiver(s) should be set to 15s or some multiple that
coincides with the three nearest CORS site sampling rates. Sampling rates for each CORS
site may differ and can be reviewed on the NGS CORS website.

o If using more than one receiver for an observation session, all of the receivers should be
set to the same recording interval, since there must be common data between all stations.

o Observation times should be a minimum of two hours. For a strong OPUS solution, at
least two hours of good data are needed. NGS recommends four hours of good data
to achieve horizontal accuracy of 0.035 m. High-accuracy vertical positioning meeting
CO-0PS requirements for geodetic benchmarks typically requires two six hour sessions,
separated by at least 24 hours.

o OPUS can convert them to RINEX for most receivers. If not,before uploading GPS files to
OPUS, convert them to RINEX2 format using the RINEX Conversion module included with
the receiver manufacturer’s software.


http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#obslog
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#obslog
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http://www.ngs.noaa.gov/OPUS
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o Monitor the position and positional dilution of precision (PDOP) information displayed on
the GPS receiver. PDOP is a unitless value that indicates the degree of position error in
a measurement. Do not start logging data until PDOP is below six. Maintaining a PDOP
less than six will help ensure that the observation file contains clean data that will not be
rejected by quality control checks performed by OPUS. Note: Some systems will automat-
ically begin logging data when powered on. In such cases, the user may need to manually
stop a session once PDOP is below six, create a new session in the receiver, and start a
new session so that data begin logging under a new file name. The first file can be easily
deleted after downloading data.

An observation log for every setup shall be completed by the observer(s) on site. A blank
HorCon/Vercon Observation Log is included in Appendix 3 (HorCon_VerCon_Obs_Log.pdf).

Additional detail on processing GPS Observations with OPUS can be found in[4.4.1]

3.5.3.2 Meter-level GPS Positioning

While horizontal position to 1m accuracy can be accomplished with the same equipment de-
scribed above for higher accuracy measurements, it is often more efficient and convenient to
utilize portable single frequency logging GPS receivers for this purpose. The Trimble ProXRS
receiver with TSCe data collector or notebook PC is an example of this equipment commonly
found in NOAA field unit inventories.

The Trimble Pathfinder ProXRS is a backpack GPS system which combines a GPS receiver
and a beacon differential receiver. Although a single frequency (L1) GPS receiver, the ProXRS
is capable of logging carrier phase data, which can be post processed to recover significantly
improved positional accuracy. With the addition of the TSCe data collector, this system can
be used to acquire static point or roving line data, and immediately assign object types and
attributes based on the S-57 catalog. Static position accuracies of 1m or better can be attained
when the system is used to occupy a point for a minimum of approximately 10 minutes, and
the resulting data is post-processed with Trimble Pathfinder Office software.

3.5.3.2.1 System Software Two types of software are used to conduct operations with the
Trimble Pathfinder unit. GPS Pathfinder Office software is used to create an initial configura-
tion file for the ProXRS receiver and allows field personnel to post-process logged GPS data,
including converting data into Shapefiles, which can be exported to Pydro. Trimble TerraSync
software runs on the TSCe data collector or notebook computer, and is used to control the
ProXRS receiver and log and attribute data. Refer to the TerraSync Operation Guide on the
Hydrosoft DVD for specific information on this software.

3.5.3.2.2 System Configuration Prior to acquiring data with the Trimble Pathfinder sys-
tem, a project and configuration file must be created. Both of these tasks should be completed
using GPS Pathfinder Office software, although field adjustments can be made to the configu-
ration file using TerraSync. Refer to the GPS Pathfinder Office Getting Started Guide, included
on the Hydrosoft DVD, for specific details on how to create a project and configuration file.
Numerous parameters must be entered in the configuration file. Those which have been rec-
ommended for use by OCS are listed in the table below.
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] Configuration Parameter | OCS Recommended Value |
Log SuperCorrect Data Yes
DOP Type HDOP
HDOP Mask 2.5
PDOP Mask 6.0
SNR Mask 4
Elevation Mask* 10 degrees
RTK Static Precision- Horizontal 5.0 cm
RTK Static Precision - Vertical 5.0cm
RTK Roving Precision- Horizontal 10.0 cm
RTK Roving Precision- Vertical 15.0cm
RTCM Age Limit 20s
Integrated Beacon Mode Manual
Integrated Beacon Frequency varies by area
Coordinate System Latitude/Longitude
Datum Name NADS83
Distance Units Meters
Altitude Reference HAE (height above ellipsoid)
Area Units Square Meters

Table 3.6: Recommended Trimble Pathfinder Pro XRS configuration parameters.

*Per NOAA Technical Memorandum NOS NGS 58, for observation sessions less than 30 minutes,
data collected below the 15° elevation mask angle should only be used if required to derive
a successful GPS solution. OCS recommends acquiring data at an elevation mask of 10°, and
increasing the elevation angle to 15° during post-processing. If data will not be post-processed,
a mask of 15° should be used during acquisition. A copy of NOS NGS 58 is included in Appendix
3 (NGS-58.pdf).

3.5.3.2.3 Data Dictionary The Trimble Pathfinder Pro XRS uses a digital Data Dictionary
to attribute data acquired with the unit. NOAA hydrographic field units shall use the Data
Dictionary (Trimble_S57 DD _v2pl.ddf) in Appendix 3 as a base for acquiring S57 attributed
data. The Data Dictionary should be loaded into TerraSync on the GPS datalogger or PC being
used to record data. The base Data Dictionary list can be reordered to minimize menu scrolling
during data acquisition and additional features added if necessary. However, this base file
shall not be altered to remove any existing feature attributes. Consult the GPS Pathfinder
Office Getting Started Guide on the Hydrosoft DVD for further information on editing the Data
Dictionary.

3.5.3.2.4 Recording Data The Trimble Pathfinder Pro XRS can record position data as
points, lines, and areas. Recording procedures will vary depending upon the position accu-
racy required. In general, a single geographic position with real-time differential correctors
applied should be accurate within 2-5 meters and adequate for positioning features such as
large shoreline features and bottom samples. The TerraSync acquisition software also includes
options for applying offsets to a position which can not be directly accessed. Position offsets can
be defined by a distance and bearing from a recorded point (distance/bearing), distances from
two recorded points (distance/distance), bearings from two recorded points (bearing/bearing),
distances from three recorded points (triple distance), or bearings from three recorded points
(triple bearing). Distances and bearings can be either visually estimated or measured using
a laser range finder and compass. Of these options, triple distance offsets measured with a
laser range finder will provide the most accurate position, but this method may not always be
feasible or necessary. The hydrographer should use the most efficient method of positioning
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that will meet data specifications.

When recording line data, the operator can configure the Trimble Pathfinder Pro XRS to
record positions at specified time intervals. For positioning linear shoreline features such as
piers, hydrographic field unit experience has shown a 1 second recording interval to be suffi-
cientin most cases. A shorter interval may be necessary for more complex features, or multiple
single points may more accurately portray a feature that requires indirect routes between cor-
ner points such as a cluttered pier. Refer to the GPS Pathfinder Systems User Guide, included
on the Hydrosoft DVD, for detailed information on Trimble Pathfinder Pro XRS operating proce-
dures.

Higher accuracy positioning can be obtained by static occupation of a site for multiple po-
sition measurements, and/or post-processing ProXRS data with the Trimble Pathfinder Office
software’s Differential Correction Utility. System setup, data acquisition, and data processing
procedures for sub-meter positioning are detailed in “Trimble Pathfinder Office Post Processing
Methods” in Appendix 4.

3.5.3.3 Special Instructions for Positioning Aids to Navigation (ATONSs)

Positions and characteristics for all ATONs within a survey area shall be visually observed and
compared to both the largest scale chart and current USCG Light List information during survey
operations.

Note: Any ATON that is not serving its intended purpose, off-station, damaged, otherwise
compromised, or uncharted and is determined by the field unit to present a hazard to naviga-
tion shall be immediately reported to the local USCG district.

NOAA's Update Service Branch (USB) will assign specific ATONs (fixed type only) which re-
quire positioning based on NOAA's Critical Corrections Database (CRIT) and/or USCG Integrated
Aids to Navigation Information System (IATONIS) database records. Information for assigned
ATONSs will be provided on the Project CD/DVD. Additional ATONs may be positioned at the
field unit’s discretion if determined to be navigationally significant. Unless specific positioning
methods or accuracies are assigned in the project Project Instructions, ATONs throughout the
survey area shall be investigated, and positioned if necessary, in accordance with the following
guidance:

o Assigned Charted Fixed ATONSs - If possible, the field unit shall position each fixed ATON
assigned by MCD. Assigned ATONSs shall be positioned to an accuracy of less than one me-
ter, at a 95% confidence level, unless otherwise specified. Many NOAA hydrographic field
units meet this accuracy criteria by performing static GPS observations for a minimum a
period of 10 to 15 minutes and post-processing position data using correctors from the
nearest CORS station (e.g., using the Differential Correction utility in GPS Pathfinder Of-
fice software as described in 3.4.3.2). If obtaining this level of accuracy is unfeasible, but
the field unit is able to acquire a higher quality position than that in the current database
record, an upgraded position should be determined and included in the ATON Report (see
[5.2.3.3.5). Acquisition methods and limitations should be described in the comments sec-
tion for that ATON.

o Unassigned Charted Fixed ATONs — Charted fixed ATONs will not be assigned if a position
accurate to less than one meter, at a 95% confidence level, has already been determined.
If an unassigned fixed aid is observed to be significantly off station based on the largest
scale chart, the hydrographer should review the USCG Local Notice to Mariners (LNM) for
a discrepancy report on the aid. (Discrepancy reports are issued by the USCG when an
ATON is known to be off station, but the agency has not yet been able to repair the aid.
These reports are contained in Section 2 of each LNM.) If no discrepancy report has been
published, the local USCG district should be contacted to determine whether the aid was
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compromised or intentionally relocated to serve its intended purpose. Following USCG
confirmation that the aid is correctly positioned or has been properly relocated, the field
unit should re-examine the aid. If it remains off station, this ATON should be positioned
and reported as if it was an assigned aid.

o Uncharted Fixed ATONs - This category of ATON is typically comprised of privately main-
tained aids, and the field unit must determine if such an ATON is navigationally significant.
If navigationally significant, a position should be acquired and the ATON reported as if it
was assigned. For private aids reported, the field unit should specify both the apparent
purpose and by whom the aid is maintained in the report.

o Charted Floating ATONs - The field unit shall visually verify positions and characteristics
of charted floating ATONs during survey operations. If a floating aid is significantly off
station with both the scale of the chart and scope of chain considered, the hydrographer
should review the LNM for a discrepancy report on the aid. Note: Temporary positions
of aids relocated to facilitate dredging, construction, or similar activities are typically not
charted. If no discrepancy report has been published, the local USCG district should be
contacted to determine if the aid was compromised or intentionally relocated to serve its
intended purpose. Following USCG confirmation that the aid is correctly positioned or has
been properly relocated, the field unit should re-examine the aid. If it remains off station,
acquire a detached position (DP) for the ATON and report this item as if it was an assigned
aid. Static GPS observations are not required when positioning floating aids.

o Uncharted Floating ATONs - The field unit shall determine if each uncharted floating ATON
is navigationally significant (e.g., a mooring buoy or full-size private buoy, typically not a
small private float). If navigationally significant, the field unit should acquire a DP for the
ATON and report this item as if it was an assigned aid. Static GPS observations are not
required when positioning floating aids.

For each survey, the field unit shall digitally submit an ATON Report to MCD as described in
5.2.3.3.5]

3.5.4 Bottom Samples

Bottom samples are typically obtained and analyzed in accordance with ?? of this manual and
section 7.1 of the HSSD, and then discarded. Several sizes of bottom samplers are used in
the NOAA hydrographic fleet ranging from small “clam shell” style samplers to larger Shipek
style samplers. The field unit shall use the most appropriately sized bottom sampler for the
vessel and conditions. If the bottom sampler is successfully deployed and tripped three times,
yet no sediment sample is acquired, it can be assumed that the bottom is hard, and shall be
recorded as SBDARE attribute NATQUA 10.hard for that sample location. If the bottom sampler
is successfully deployed three times but will not trip, then the bottom type should be recorded
as SBDARE attribute NATQUA 6.soft. If sediment samples are to be retained for future analysis,
guidelines will be provided in the project Project Instructions.

3.5.5 Nearshore Hydrography and Shoreline

All modern NOAA hydrographic surveys are Navigable Area Surveys, unless explicitly stated
otherwise in the Project Instructions. Navigable Area Surveys are basic hydrographic surveys
with a restricted inshore limit of coverage.

The inshore limit of hydrography and feature verification for Navigable Area Surveys is the
Navigable Area Limit Line (NALL), unless stated otherwise in the Project Instructions. By default,
the NALL is defined as the offshore-most of the following:
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1. 1. The 4-meter depth contour.

2. The line defined by the distance seaward from the MHW line which is equivalent to 0.8
millimeters at the scale of the largest scale nautical chart of the area (e.g., for a 1:80,000
scale chart, this line would fall 64 meters seaward of the MHW line).

3. The inshore limit of safe navigation for the survey vessel, as determined by the Chief-
of-Party in consultation with his or her field personnel. If kelp, rocks, breakers, or other
hazards make it unsafe to approach the coast to the limits specified in 1 and 2 above, the
NALL shall be defined as the shoreward boundary of the area in which it is safe to survey.

In rare instances, the Chief-of-Party may determine that the NALL lies inshore of the limits
defined in 1 and 2. For example, this could be the case in confined waters such as harbors or
passes which are inshore of the NALL as defined above, but are regularly utilized by vessels
depending on NOAA chart products for safe passage. It could also occur in deep water ports
where modern bathymetry is required along wharf faces. In these cases, the Chief-of-Party shall
consult with the Chief, HSD Operations Branch, prior to dedicating significant survey resources
to these areas.

The hydrographer shall discuss in the Descriptive Report all areas where NALL definition
deviated from the default criteria. Note that offshore surveys which do not approach the coast
will end at their assigned survey limits.

The shoreline depicted on NOAA's nautical charts approximates the line where the average
high tide, known as Mean High Water (MHW), intersects the coast and includes the attached cul-
tural features that are exposed at MHW. In addition, nearshore natural and manmade features
such as rocks, reefs, ledges, foul areas, aides to navigation, and mooring facilities are typically
included in the colloquial definition of “shoreline.” NGS Remote Sensing Division (RSD) is re-
sponsible for acquisition and compilation of shoreline data, which it provides directly to MCD
for nautical chart updates. However, NOAA's hydrographic field parties may be tasked with
verifying that shoreline details are adequately and accurately depicted in source datasets and
the corresponding nautical charts.

Working near shore is inherently dangerous, and all field units are reminded that safety shall
always be the primary consideration when conducting operations. Shoreline verification should
not be attempted unless conditions are favorable. Even though an initial assessment is made
by the Chief-of-Party, conditions at the actual survey area may be different or degrade as the
day progresses. In such cases, the launch or skiff personnel should defer shoreline operations
until conditions are favorable.

3.5.5.1 Source Shoreline Data

Unless otherwise specified in the project instructions, HSD Operations Branch will compile and
provide a Composite Source File (CSF) and a Project Reference File (PRF) for all projects which
require shoreline verification.

The composite source is an S-57 attributed dataset in .000 file format, compiled from all
available ENC, RNC, Geographic Cells (RSD source shoreline), prior surveys, and contemporary
LIDAR surveys. The source of each feature is indicated in its SORDAT and SORIND fields.

The project reference file is an S-57 attributed dataset in .000 file format containing features
which are specifically targeted for further investigation, such as items from the Automated
Wreck and Obstruction Information Service (AWOIS) database or those surveyed by LIDAR but
not fully resolved.
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| Reference Features | S-57 Object | Description \
Mean High Water buffer CONVYR .8mm buffer of the MHW line at the scale of the
chart
AWOIS points CRANES AWOIS investigation items
AWOIS Radii ACHBRT AWOIS search radius
Survey Sheets TESARE outline of the survey sheet
Junction Surveys TWRTPT outline of junction survey
Survey Limit Line TSELNE survey limit line
LIDAR Investigations BUAARE placeholder indicating features recommended for
field verification
LIDAR Junction Line FNCLNE line denoting extent of good LIDAR coverage

Table 3.7: Features contained in the Project Reference File from Operations Branch

3.5.5.2 Types of Shoreline Verification

Hydrographic Survey Project Instructions will specify which shoreline source documents are to
be verified as well as the type of verification required, either “traditional” or “limited.” Shore-
line source(s), chart scale(s), and local vessel traffic patterns are among the factors used in
determining which method is appropriate for the survey area.

3.5.5.2.1 Traditional Verification Traditional shoreline verification is the most thorough
and complete method, requiring full examination of all shoreline detail and features seaward
of MHW. This technique is very rarely required, and is only necessary if the Project Instructions
explicitly call for it. The hydrographer should examine all near shore detail and features sea-
ward of the shoreline (MHW line) originating from composite source documents, NGS-verified
remote sensing shoreline data, prior hydrographic surveys, and nautical charts. All features
shall be verified, changed, or disproved, provided the operations can be conducted safely. Fea-
tures located near the shoreline or some accurately plotted reference point may be verified
by visual inspection. Navigation Response Teams (NRTs) should refer to the additional chart
evaluation information provided in the Chapter 3 Appendices.

3.5.5.2.2 Limited Verification Typically, a limited verification will be assigned for OCS
hydrographic surveys. When conducting limited shoreline verification, the hydrographer shall
examine all features seaward of the Navigable Area Limit Line, in accordance with the following
direction:

o AllENC, RNC, Geographic Cells, and contemporary LIDAR features on the composite source
and seaward of the NALL should be verified or disproved. If a feature is found within 20
meters (This 20m tolerance does not apply to fixed ATONs specifically assigned for up-
dated positions. See[3.5.3.3|for additional guidance on these features.) of the composite
source position, a revised field position is not required . Heights/depths of all features
seaward of the NALL should be determined by the best means available given the sea
conditions at the time of the survey.

o Newly discovered features seaward of the NALL should be properly positioned with a cor-
responding height/depth.

o Features that have any linear dimension greater than 0.5mm by 0.65mm at the scale
of the largest scale nautical chart of the area should be treated as area features and
delineated appropriately. Features with lesser linear dimensions should be positioned and
attributed as point features.
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o Prior survey features within the Composite Source are for reference only. There is no re-
quirement for the hydrographer to address prior survey features in the Descriptive Report.

It may be necessary to position, verify, or disprove some features inshore of the NALL, if they
are both navigationally significant and safe to approach. Examples of features which might
meet this standard include:

o Aids to Navigation

o Natural or manmade features sufficiently conspicuous to be an obvious navigational land-
mark (e.qg., piers, pilings, or very large and isolated boulders or outcroppings)

Note: "Navigationally significant" is not easily and absolutely defined. As such, it makes up part
of the “art” of hydrography vice the more easily quantifiable “science” aspect of the profession.
Navigational significance depends on location, proximity to shore and/or other features and
the marine traffic patterns/usage in the area. ldeally the person making the determination of
navigational significance will be one who has extensive experience utilizing NOAA/NOS charts
for navigation and can convey that perspective to the persons conducting the field survey
work. This is typically the NOAA vessel Commanding Officer (Chief-of-Party) or Field Operations
Officer, Hydrographer-in-Charge, or the contractor’s Lead Hydrographer.

Limited shoreline verification should be scheduled for daylight periods when the tide is
within 0.5m of Mean Lower-Low Water (chart datum).

3.5.5.3 Conducting Shoreline Verification

Shoreline verification operations should be scheduled for daylight periods when the tide is less
than 0.5m above Mean Lower-low Water (chart datum). To maximize the shoreline “window”, it
is usually advantageous to plan for shoreline operations during spring tides when the extreme
range allows for longer low water periods each day. In some cases, ideal water level conditions
may not be available while the field unit is in the project area. In these cases, the Chief-of-Party
should request further instructions from the Chief, HSD Operations Branch. Shoreline verifi-
cation should be performed prior to main scheme bathymetric data acquisition in nearshore
areas to ensure that submerged hazards have been identified to the full extent possible before
launches with protruding transducers operate in the area.

Shoreline verification is typically conducted from a small, maneuverable survey vessel such
as a skiff or jet-drive survey launch. The vessel should be equipped with survey-grade GPS
and vertical beam echosounder interfaced to an appropriate data acquisition computer and
software. Multi-beam echosounder equipped launches are not ideal for shoreline verification
because of the increased risk of damage to hull-mounted transducers when operating in unsur-
veyed nearshore areas.

The vessel’s data acquisition software should be loaded with the composite source and
other applicable files (ENC, RNC, and Project Reference File). In addition, it is often helpful to
print a large “boat sheet” of the composite source on a large format printer. This is useful for
orientation and quickly recording field observations.

A common and effective method for conducting shoreline verification is to run a VBES survey
line parallel to shore, observing exposed features. In the case of Limited Shoreline Verification,
this survey line should approximate the NALL, allowing the hydrographers to focus most of
their attention offshore of the vessel. This approximate NALL can be used later to assist in
planning the inshore extent of bathymetry. As features meeting the criteria given in
are encountered, the survey vessel should break off from following the NALL, investigate the
features as required, and return to following the NALL.
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Note that not all features require or even warrant investigation at low water. To maximize
efficient use of low water windows, it may be best to skip these features on the initial pass,
and return at a higher stage of tide. In extreme cases, it may be possible and advantageous to
acquire complete MBES coverage of features which are exposed at low water.

3.5.5.4 Recording Shoreline Data

When performing shoreline verification, be certain to acquire sufficient data for a cartographer
to accurately portray the shoreline on a chart. It is generally better to collect too much data
than not enough; however, the hydrographer should not waste extensive amounts of time
defining details that are clearly not pertinent to safe navigation. Point features are generally
positioned using Detached Positions with a range and bearing from the survey launch, or by
direct occupation with a portable GPS system. Line features or the extents of areas can be
bounded by recording data as the launch passes as close as possible to the feature, taking DPs
at the extents of the feature, or using a roving portable GPS to walk the extents ashore. In all
cases, it may be prudent to take written notes on log sheets and/or the boat sheet in addition
to recording data digitally.

Accuracy requirements for point positions depend on the type of feature being located. If
the feature is a wharf or pier potentially to be used for zero-visibility docking, the horizontal
position error should be 1.0 meter or less. For features not critical to zero-visibility navigation
or docking, accuracy for all points should meet the minimum horizontal position accuracy re-
quirement set forth in the HSSD. The method of positioning a feature to the required accuracy
is typically left to the discretion of the hydrographer, subject to the guidance in

When recording line data, positions are logged at regular intervals small enough to facilitate
a "connect the dots" drawing of the area. For example, consider a new marina that is neither
charted nor apparent on the composite source shoreline file. The associated piers can easily
be positioned by walking along the edges of each while acquiring line data. Another option
would be to start and stop the line at each of the feature’s corners so that a single point is
logged at each corner. This allows the hydrographer to step around objects and debris when
walking between points without logging the indirect path taken between the points. With this
method, the resulting line data will generally be cleaner and more accurately represent the
feature. Line data is a valuable tool for accurately delineating curved or irregular features.
OCS recommends that line data used to define such features be acquired with a data collection
interval of one second.

All data should be acquired with S-57 attribution collected at the time of acquisition. While
many S-57 object types and attributes are self-explanatory. The hydrographer should consult
the S-57 catalog and Volume 3 of the NOAA Nautical Chart Manual (ENC encoding guidelines)
for guidance. Additional clarification for field units is offered in the Field Encoding Guide in-
cluded in Appendix 3.

Shoreline features can be classified in four ways: verified, changed/modified, disproved,
or new. Methodology for making each of these determinations is described in the following
sections. Each feature should be thoroughly documented based on the type of determination
made. Often a photograph can provide the best documentation for shoreline features. Pho-
tographs should be obtained from a vantage point that allows the cartographer to see the
feature in context. Annotations digitized on the photograph, such as a north arrow and the
location where a position was acquired, can be very valuable during office processing. If nec-
essary, multiple photographs can be taken for one feature.

3.5.5.4.1 Verifications Features depicted on the shoreline source seaward of the NALL
should be “verified”. If a feature’s position agrees with the composite source, it shall be con-
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sidered verified. If a feature is located in a non-navigable area, a visual verification is accept-
able. If necessary, ranges and bearings can be estimated from a safe location to assist with
the verification process.

3.5.5.4.2 Changes If a shoreline feature has been found, but not exactly as depicted on
the composite source, it should be documented as a change. For example, the extents of
an area charted as “foul” may have changed since acquisition of the source data and would
require adjustment. Shoreline changes shall be supported by position or bathymetry data and
thoroughly described in the Descriptive Report. For cultural features, it may also be possible to
obtain engineering drawings from local authorities. This type of information can be invaluable
if a facility is under construction at the time of survey.

3.5.5.4.3 Disprovals To disprove a feature, the hydrographer must establish with a high
degree of confidence that the feature does not exist at or near the composite source position. A
feature is typically disproved using various search methods. Search methods for disprovals are
based upon the extent and nature of the feature, the water depth, and the bottom composition.
Search methods include, but are not limited to, visual, SSS, MBES, VBES, leadline, sounding
pole, and diver investigations. Disprovals shall be thoroughly documented and include the
method of search used, length of search time, water visibility, presence of kelp, eddies, or
riffles, and any other pertinent information that supports the disproval.

A feature may also be disproved by providing official documentation that the item has been
removed. Documentation for this type of disproval should meet the following minimum criteria:

o The authority providing documentation must have had direct involvement in the removal
or verification of removal of the feature. Such authorities include the U.S. Army Corps
of Engineers, dredging or construction companies, harbor masters, salvage companies,
private hydrographic survey companies, etc.

o The authority providing documentation must be identified by name, address, e-mail ad-
dress, and phone number so that contact can be established if further information is re-
quired.

o Documentation provided must be complete and sufficient to disprove the item.

Thoroughly documented telephone conversations or interviews with authoritative sources can
also be used for feature disproval. Documentation should include the contact’s name, address,
email address, telephone number, and affiliation with the feature being disproved.

3.5.5.4.4 New Features If a shoreline feature has been verified to exist, but is not de-
picted on the source data or chart, it should be documented as a new feature. New features
shall be supported by position or bathymetry data and thoroughly described in the Descriptive
Report. It is recommended that digital photographs of new features be included with the de-
scriptions. For cultural features, it may also be possible to obtain engineering drawings from
local authorities to include with the feature documentation.

3.5.6 Coast Pilot Data

A field verification of Coast Pilot information, referred to as a Coast Pilot Review, shall be con-
ducted for each assigned survey area. Additionally, information relating to the general op-
erations area (e.g., areas frequently transited and facilities utilized during inports) should be
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reviewed and verified or updated to whatever extent practicable. Coast Pilot information pro-
vided on the Project CD/DVD should be reviewed prior to the start of data acquisition in each
area and verified or revised as indicated below during subsequent field operations. Coast Pi-
lot revisions or verifications shall be documented as follows and submitted in accordance with
section[5.2.3.2.5t

o Make a digital copy of the Coast Pilot sections provided on the Project CD/DVD. Name this
new file <source file name>_rev<revision date MM_YYYY>. For example, if the source
file was named “CP2-05-34Ed-pages 323-356.rtf”, the new file would be named “CP2-05-
34Ed-pages 323-356_rev08_2005.rtf". Make all revisions to this copied file and retain the
original for reference purposes.

o Deletions to the existing text shall be shown as strikethroughs.

o Recommended revisions, including any new information that would be beneficial to the
mariner, shall be shown in red text.

o Existing text that has been reviewed and verified to be correct during field unit operations
shall be changed to green text.

o Existing text that could not be verified or refuted during operations shall remain in black.

If possible, any pertinent Coast Pilot corrections should be obtained on-line athttp://nauticalcharts.
noaa.gov/nsd/cpdownload.htm and applied to the digital file provided prior to submission of the
review.

3.5.6.1 Performing a Coast Pilot Review

When determining what information is pertinent for the Coast Pilot, the size, type, and number
of vessels using each waterway must be taken into account. The requirements of the deep-draft
navigator, yachtsman, and fisherman must all be kept in mind. Allowance must also be made
for the thoroughness with which the region has been surveyed and charted. If the surveys of
the area are incomplete, if the harbor charts are on too small a scale, or if the harbor has grown
in importance, more detail will be required in the Coast Pilot. If possible, digital photographs
should be submitted for significant Coast Pilot features in accordance with[3.5.6.2]

If additional information is necessary to address a Coast Pilot item, a wide variety of locally
knowledgeable people can be used. However, information from outside sources should be veri-
fied by the reviewer. The source of the report should be given so that the report’s value may be
weighed against conflicting information that may be received by NOAA's Marine Chart Division.
The following is a list of the principal organizations and officials who can be interviewed for the
purpose of obtaining local information:

o Coast Guard stations and other aids to navigation units, buoy tenders and other cutters,
patrol craft, and Marine Safety Offices

o Corps of Engineers district offices or other Federal field offices such as Customs Service
o Pilot associations, port authorities, harbormasters, and harbor police

o Other NOAA field parties operating in the area

o Operators of repair yards and marine service stations

o Captains of towboats, ferries, and coastwise vessels operating in the area

o Individuals very familiar with the area such as fishermen and longtime residents


http://nauticalcharts.noaa.gov/nsd/cpdownload.htm
http://nauticalcharts.noaa.gov/nsd/cpdownload.htm
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o Yacht clubs

The following sections describe categories of information that should be addressed during a
Coast Pilot Review. The majority of this information is best obtained during field operations and
is thus considered a part of data acquisition.

3.5.6.1.1 Aids to Navigation Every effort should be made to ensure that aids to naviga-
tion referenced in the Coast Pilot are correctly identified and in agreement with both the chart
and the Light List. Information regarding significant new aids to navigation (e.g., buoys/lights
marking specific dangers to navigation) should be added.

3.5.6.1.2 Anchorages Attempt to obtain information on both charted and uncharted an-
chorage areas. The adequacy and accuracy of anchorage information in the Coast Pilot should
be checked, and new reliable information should be added when possible. Anchorage infor-
mation is one of the most difficult types of information to obtain and check, since it must
come from actual anchoring experience. Good judgment must be exercised by field personnel
in obtaining such information. A particular location is not a good anchorage simply because
someone has anchored there.

3.5.6.1.3 Bridges Note bridges that are in the process of renovation (to the extent that
type of bridge, vertical clearance, horizontal clearance, or other description normally men-
tioned in the Coast Pilot is affected), bridges that have been newly constructed, and/or bridges
that have been removed in whole or in part. Confirm proper names of bridges as included in
the Coast Pilot or shown on the charts. Obtain new names as appropriate. Confirm or obtain
VHF radio frequencies/channels monitored, hailing protocols used by local traffic and telephone
contacts related to bridge operations, if applicable.

3.5.6.1.4 Channels Text referring to privately maintained channels and basins, natural
channels, and federally maintained channels within the assigned survey area should be re-
viewed and updated as necessary.

3.5.6.1.5 Dangers to Navigation Review and update as necessary any Coast Pilot text
addressing charted rocks, shoals, reefs, wrecks, piles, snags, and other objects dangerous to
navigation within the survey area.

3.5.6.1.6 Depths and Sounding Data Once present survey soundings have been pro-
cessed and compared to charted depths, any Coast Pilot text referencing specific depths within
the survey area should be reviewed and updated as necessary. Note: The hydrographer should
be certain that final water level correctors have been applied to sounding data prior to report-
ing specific depths in the Coast Pilot Review.

If new depth information is received for an area outside of the assigned survey, but can not
be verified by approved NOAA hydrographic survey methods, this information can be included
in the Coast Pilot as “reported.” Reported information should be avoided unless deemed critical
for safe navigation. If reported information is used, it must be qualified as such, giving the date
and the source of information. Reported depths are published in the Coast Pilot as shown in
the following example: "In June 2004, the channel had a reported controlling depth of 3 feet."
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3.5.6.1.7 Ferries, Cable Ferries, and Pontoon Bridges Report the locations of new
ferry terminals and routes and/or the abandonment of old ones. If applicable, include infor-
mation about VHF radio frequencies monitored, hailing protocol, and telephone contacts.

Cable ferries and pontoon bridges pose a potential hazard to mariners. Obtain detailed
information on their operations. Information regarding operational peculiarities of any other
moveable bridges encountered should be included.

3.5.6.1.8 Landmarks Landmarks shall be inspected from seaward insofar as practicable.
New landmarks considered to be significant for vessel navigation should be positioned with
DGPS, if possible. Describe each landmark, including position, height, color and any other
distinctive features that will aid in identification. Give the shape of objects that may not be
generally recognized by the name alone, such as "the large white dish of the charted radiote-
lescope."

3.5.6.1.9 Locks, Canals, and Hurricane Gates Operational peculiarities of locks, canals,
hurricane gates, and other navigation projects should be noted. Include information about
traffic signals, VHF radio frequencies/channels monitored, hailing protocol, and telephone con-
tacts, if applicable.

3.5.6.1.10 Overhead Cables Make note of overhead cables that are not charted and/or
not mentioned in the Coast Pilot. Attempt to ascertain the following about the owner of the new
cable: name of the company, address, telephone number, and name of a cognizant individual
in the company. This information is necessary in order to obtain copies of the cable permits
from the local District Engineer staff of the Corps of Engineers.

3.5.6.1.11 Major Deep Draft Ports Coast Pilot information pertaining to major ports,
shipping terminals, and wharves within the survey area should be reviewed and confirmed to
whatever extent practicable via sounding data and reconnaissance during survey operations.
Particular attention should be paid to depth information stated in the text.

If at all possible, the local pilot association should be contacted. Pilotage information is
one of the most important items in the Coast Pilot. Pilots should be requested to read the
pilotage section in the Coast Pilot and point out any errors and/or new information that should
be added. Be sure to address where vessels are boarded or anchored for quarantine, and
whether inspections are made by any U.S. Government agency.

Additional information, such as low altitude oblique photographs, may be obtained from a
variety of sources such as the local port authority, harbormaster, harbor police, and customs,
immigration, public health, and agriculture officials at the port. Information on repair facilities
can be obtained from shipyards and boatyards. Local towboat companies are often a good
source of information, not only regarding the size and type of tugs available, but also for other
information such as local peculiarities of winds and currents, the routes followed by tugs and
barges, etc.

3.5.6.1.12 Small Deep Draft Ports Coast Pilot information pertaining to smaller deep-
draft ports, shipping terminals, and wharves within the survey area should be reviewed and
confirmed to whatever extent practicable via sounding data and reconnaissance during survey
operations. Particular attention should be paid to depth information stated in the text. Although
small deep-draft ports do not typically have large port authority staffs, additional information
may be available from the port’s general manager.
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3.5.6.1.13 Small Craft Harbors Coast Pilot information pertaining to small craft har-
bors within the survey area should be reviewed and confirmed to whatever extent practicable
via sounding data and reconnaissance during survey operations. Additional information may
be available by contacting either the harbormaster or harbor patrol personnel, as well as oper-
ators of towboats, boatyards, marinas, and state and federal agencies. Local yachtsmen and
fishermen can be consulted when appropriate.

3.5.6.1.14 Radar and Radio Information If possible, obtain information on the best
radar targets and the approximate maximum range at which they can be positively identified
and used. The VHF radio frequencies/channels used in port areas for different types of commu-
nications between various private and public concerns should be ascertained. Where a radio
watch is maintained by pilots, harbormasters, bridge tenders, lockmasters, and other parties
significant to the mariner, confirm guarding schedules, VHF radio frequencies, hailing protocol,
and telephone contacts, if applicable.

3.5.6.1.15 Shoreline Changes Coast Pilot information pertaining to shoreline within
the survey area should be reviewed and confirmed to whatever extent practicable via sounding
data and reconnaissance during survey operations. Note condition, additions, and deletions of
wharves, piers, and other waterfront structures. If a pier or other shoreline structure has been
removed, note whether piles or ruins remain as a navigational hazard. Assume the existence of
submerged ruins unless there is contrary evidence. Also report significant shoreline changes,
whether caused by dredging and/or filling or by natural events.

If Coast Pilot information pertaining to shoreline outside of the survey area (e.g., areas
frequently transited or facilities utilized during inports) can be verified or updated during survey
operations, this information should be addressed in the Coast Pilot Review.

3.5.6.1.16 Wrecks If numerous wrecks are found to exist in a specific location, an at-
tempt should be made to ascertain the causes from survey data and/or local sources. If a
specific hazard is determined, suitable highlighting of the situation should be verified or added
in the Coast Pilot.

In addition to the above categories of information, any anomalous conditions that may affect
safe navigation should be addressed.

3.5.6.2 Digital Photographs

When possible, digital photographs portraying significant Coast Pilot features should be ac-
quired. Sea level photos should be taken from seaward, from as high a vantage point as possi-
ble and close enough so that principal landmarks can be identified. Photos taken successively
from 2 miles out or less, typically upon entering or departing a harbor, may be useful in identi-
fying the harbor approach or specific landmarks. If a single photo will not adequately cover the
view of a harbor with sufficient detail, a panoramic series of photos can be submitted.

Digital photos submitted to the Coast Pilot Branch may be included in subsequent editions
of the publication. To ensure photographs are of sufficient quality for publication, the following
criteria should be met:

o The camera should have a resolution capability of 4 megapixels or better.

o Adigital zoom feature should not be used. A camera with minimum optical zoom capability
from wide angle (35mm) to a mild zoom (out to 105mm) is recommended. (ldeally, the
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camera would accept lenses of different focal lengths, such as wide angle, normal, and
zoom.) * Photographs should be taken using an ISO setting of 100 (preferred) or less, but
in no case higher than 200.

o Shutter speed should be set to at least 1/100th of a second.

o The photograph should be taken using a pixel setting of approximately 2300 x 1700 or
better.

o TIFF (*.tif) format or JPG (*.jpg) format is preferred for submission. Use of any other format
should be cleared by the Coast Pilot Branch. If the JPG format is used, select “JPG (EXIF)”
if that choice is given. EXIF is a standard metadata format that embeds information about
the camera and its settings such as focal length, shutter speed, lighting condition, and
other valuable information about the photograph into the file.

3.5.7 Electronic Navigational Chart (ENC) Verification

Verifications of ENC data are primarily performed by the NRTs. If ENC verification is required in
conjunction with a standard NOAA hydrographic survey, it will be stated in the Project Instruc-
tions. Information regarding ENC shoreline and offshore features is given below.

3.5.7.1 ENC Shoreline Features

3.5.7.1.1 Aids to Navigation Unless specifically assigned, aids to navigation to be located
are left to the discretion of the hydrographer. Range lights, channel lights, and major pier lights
are priorities and should be positioned using static GPS whenever possible, unless an accept-
able (Third-order, Class | or higher) published position is available. Other federally maintained
aids such as day beacons and buoys, as well as private maintained aids may be located us-
ing hydrographic positioning methods. Refer to section 7.2 of the NOS Hydrographic Surveys
Specifications and Deliverables manual for further guidance.

3.5.7.1.2 Structures On features directly affecting vessel docking, obtain one-meter ac-
curacy DGPS positions on all critical points. Other points on the same feature may be surveyed
to five-meter accuracy and/or derived from the imagery/shoreline files, provided they are accu-
rate to five meters or less. All other structures may be surveyed to five-meter accuracy. Enter
all relevant information; i.e., name, status, condition, etc., in the “Remarks” column.

3.5.7.1.3 Works in Progress Determine the status of construction for the identified ma-
rine facility or other chartable shoreline construction. Obtain as-built plan drawings if possible.
When as-built drawings are obtained, ensure that they have a coordinate system on them. If
they don’t, the NRT should obtain reference positions for the drawings using a GIS data col-
lection and data maintenance system. Use the “Remarks” column to report the name, status,
condition, or other relevant information.

3.5.7.1.4 ENC Offshore Features

3.5.7.1.4.1 Bridges The appropriate NSD Navigation Manager will attempt to get as-
built drawings for project area bridges before the NRT arrives. If as-built drawings have been
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supplied, then the NRT will position the ends or other identifiable points of the bridge to provide
geo-reference points for the drawing.

When no drawings are supplied and no DGPS interference is experienced, one-meter accu-
racy DGPS positions are required, to delineate clearances between bridge pier fenders facing
commercial vessel traffic. Bridge pier fender points not facing commercial vessel traffic may
be surveyed to five-meter accuracy depending on the relative importance to be determined
by the hydrographer. When acquiring data points around obstructions such as bridges, dif-
ferential correctors from the USCG beacons should be used. The Trimble Pathfinder Pro XRS
has multi-path rejection technology that works best when using USCG correctors. Use the “Re-
marks” column in Maplnfo Final Field Sheet table to report the name, status, condition, or other
relevant information.

When a drawing is not available and DGPS interference is experienced, then the NRT will
attempt to obtain positions over the supports that separate the commercial channel. NRB will
not acquire positions on bridge fenders where the bridge structure causes DGPS interference.

3.5.7.1.4.2 Channel Depths Where applicable, inquire with facility owners/managers
about the status of privately maintained channels to update charted notations. Provide doc-
umentation in the Descriptive Report or Chart Letter and submit diagrams or survey copies
when possible. In some cases (at the discretion of the Team Leader) a survey of the channel
will be required to obtain the current operating depths.



Chapter 4

Data Processing and Analysis

Things should be made as simple as possible, but not any simpler. —Albert Einstein

The purpose of this chapter is to provide the information necessary to “clean,” finalize, and
analyze data for OCS hydrographic surveys. The following types of data are each addressed
separately in this chapter, although many aspects of processing and analysis for these data
are intertwined:

o Bathymetry (VBES and MBES data)
o Imagery (SSS data)

o Features (bathymetry and imagery contacts, detached positions, AWOIS items, geographic
positions)

4.1 Preparation for Data Processing

Data processing for OCS hydrographic survey data is typically performed using CARIS HIPS
and SIPS software. HIPS tools are used to process bathymetry data, and SIPS tools are used
with imagery data. To begin processing data in CARIS HIPS and SIPS, a “Project” must be
created. A CARIS Project consists of a data filing system, structured according to a tree of
project/vessel/day/line (PVDL) folders, where “vessel” refers to a particular vessel configuration
file, known as a HIPS Vessel File (HVF).

The HVF establishes, in HIPS and SIPS, the relationship between survey sensors as logged
by the acquisition software. The HVF must reflect any corrections or compensation of logged
sensor data performed during acquisition — note the emphasis on the word logged. It is common
for data acquisition software packages to have the ability to display sensor data (e.g., depths) in
an entirely different form than that which is actually stored in the logged dataset. Additionally,
some sonar systems require, or perform in a superior fashion, if real-time corrections (e.qg.,
refraction) are used. Any real-time corrections included in the logged data must be accounted
for when creating the HVF. The HVF also includes information essential for estimating sounding
measurement errors (see [4.2.3.6). Depth and position errors will be introduced if data are
processed using an incorrect HVF.

Proper setup of HVFs is critical for accurate survey data, and this process is usually com-
pleted under the direction of senior survey personnel. These files are typically created at the

119
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beginning of a field season, but they will need to be amended if configurations change. Guide-
lines for creating an HVF are described in section 4.1.1. Refer to the CARIS HIPS and SIPS User’s
Manual, included on the Hydrosoft DVD, for addition information.

Once HVF files have been created, the HIPS and SIPS New Project Wizard can be used to
specify a Project name, associated vessels, and days for which data was acquired. The “day”
name is formatted as YYYY-DOY (year + day of year). Day of year (DOY) refers to a sequential
number starting with 001 on January 1 of each year and ending with 365, or 366 in leap years,
on December 31 of that year.

Note: DOY is not synonymous with Julian Day Number and should not be referred to as such.
The Julian Day numbering system refers to the number of days since noon on January 1, 4713
BC, a system widely used by astronomers.

4.1.1 Creating HIPS Vessel Files (HVFs)

A new HVF is created using the HIPS and SIPS Vessel Wizard, part of the Vessel Editor tool.
As the user works through the Vessel Wizard, HVF options must be chosen based on survey
systems and configuration. Once the initial HVF is created, additional parameters such as
offsets and error corrections must be entered for each individual sensor.

4.1.1.1 HIPS and SIPS Vessel Wizard

The Vessel Wizard will first prompt the user to enter a name for a new HVF file. HVF naming
conventions have been standardized throughout the NOAA hydrographic fleet. The following
naming convention shall be used for NOAA hydrographic vessel HVF files:

<ship/field unit abbreviation>_<vessel hull number>_<data type + category>.hvf

Table [4.1] contains a list of common data types acquired during OCS hydrographic surveys
and example HVF names for each. Note that the field season year is not included in the name;
rather, timestamp entries within the HVF are used to track application dates. Only a reference
to the principal echosounder or side scan sonar type should be included in the last portion of
the HVF name. More detailed equipment specifications and information are recorded within
the HVF. For HVFs associated with MBES and SSS data, include the sensor model; for vertical
beam echosounder data, use the suffix “VB.”

Once an HVF name is entered, the user will be asked to enter specifications for the appli-
cable sonar system, such as sonar type, number of transducers, number of beams, etc. The
information requested is typically either based on the physical system configuration or can be
located in the sonar user’s manual.

Note: HVFs to be used for Elac 1050D and 1180 data should specify 2 swath sensor sections,
each having 63 beams to facilitate the “Pad Transducer 1 with NULL beams” option during data
conversion, see(4.2.3.1.1|
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] Data Type \ HVF Name Examples \

Multibeam Echosounder “RA_S221 Elac1050D” - NOAA Ship

- Main-scheme Survey Lines | RAINIER, Elac 1050D multibeam

or Investigation Lines “FA_1010_Reson8101” - NOAA Ship
FAIRWEATHER launch 1010, Reson 8101
multibeam
“BH_S5501 Reson8125” - BAY
HYDROGRAPHER, Reson 8125 multibeam

Vertical Beam Echosounder “RA_S221 VB” - NOAA Ship RAINIER,

- Main-scheme Survey Lines | vertical beam

or Investigation Lines “NRT2_1210_VB” - Navigational Response
Team 2, boat 1210 vertical beam

Towed Side Scan Sonar - “T) S222 Klein5000” - NOAA Ship THOMAS

100% and 200% Coverage JEFFERSON, Klein 5000 100-percent side

- Other Coverage (e.g., scan sonar

additional investigations, “NRT2_1210_Klein3000HF" - Navigation

buffer lines) Response Team 2, boat 1210, Klein 3000
high frequency 100-percent side scan
sonar

Hull-mounted Side Scan “T) 1014 Klein5000Hull” - NOAA Ship

Sonar - 100% and 200% THOMAS JEFFERSON, launch 1014,

Coverage hull-mounted Klein 5000, non-100/200

- Other Coverage coverage

Echosounder Point “NRT2_1210_EchosounderDP” - Navigation

Observations Response Team 2, boat 1210, echosounder

- Depth “Detached DPs “RA_1103_EchosounderDP” - NOAA

Positions” (DPs) Ship RAINIER, launch 1103, echosounder
DPs

Non-Echosounder Point “RA_1103 ShorelineDP” - NOAA Ship

Observations RAINIER, launch 1103, Shoreline DPs

- Diver Least Depth DPs “T)_1014_DiverDP” - NOAA Ship THOMAS

- Shoreline DPs JEFFERSON, launch 1014, Diver DPs

Table 4.1: Example HVF naming conventions for NOAA hydrographic vessels.

4.1.1.1.1 Motion Sensor Options HIPS and SIPS Vessel Wizard will prompt the user to
enter what vessel motion data (i.e., attitude data) will be recorded and whether these data
should be applied during post-processing. The meaning of “apply in post-processing” for heave
is straightforward. If survey data were not logged with heave corrections applied during data
acquisition, and heave data (either real-time values or true heave, as discussed in
were recorded separately, then apply this correction in post-processing. The standard practice
for OCS hydrography is to not correct survey data for heave during data acquisition; hence,
“apply in post-processing” is usually enabled for this sensor in the HVF.

The application of roll and pitch is a bit more complicated than applying heave. The user
must keep in mind that options to apply roll and pitch will affect any remote heave calculations.
(Remote heave is defined as changes in vertical position of the transducer due to roll and pitch
acting over a non-zero moment arm between the heave sensor and the transducer). If remote
heave compensation is to be performed in HIPS, the vessel coordinate system reference point
(RP) entered in the HVF will be treated as the center of rotation and, therefore, should be
established as close to the vessel’s center of motion as possible.

Many MBES sensors can be configured to acquire bathymetry using roll or pitch beam steer-
ing. In these cases, the HVF apply roll & pitch options should be set according to the data ac-
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quisition configuration. If roll steering was enabled during acquisition, do not apply roll in post-
processing. If roll steering was not enabled, the HVF option to apply roll in post-processing
should be checked. Likewise, if pitch steering was enabled during acquisition, do not apply
pitch in post-processing. If pitch steering was not used, the HVF option to apply pitch in post-
processing should be checked.

Note for Elac MBES system users: For Elac MBES data, the requirement for applying roll
in post-processing is directly connected to whether the flat-face refraction (FFR) portion of
sound speed correction is to be performed during HIPS SV Correct. (Refer to section [4.2.3.4]for
important details regarding Elac FFR in HIPS SV Correct.) OCS recommends that FFR correction
be performed during data acquisition, rather than in HIPS, for all flat-face MBES systems. This
necessitates use of a sound speed probe at the transducer, see section[3.2.4]

If FFR correction is not performed during post-processing in HIPS (the preferred operating
procedure), the option to apply roll in post-processing will have no affect on the data and any
angles present in the SVP1 and SVP2 “roll” fields are ignored. For this paradigm (SV Correct
without FFR), OCS recommends that the apply roll option be unchecked and the SVP1 and SVP2
“roll” values in the HVF be set to 0.0. Non-zero SVP1 and SVP2 “roll” values may generate SV
Corrected swath profiles that resemble a “V” or an upside-down “V”, due to a bug in some older
versions of HIPS.

If data quality dictates that Elac data be corrected for FFR in HIPS, the apply roll option must
always be checked and the athwartships transducer face mounting angle must be entered into
the SVP1 and SVP2 “roll” fields in the HVF. Applying roll in post-processing for Elac data requires
that dynamic roll be used in determining the aspect of each transducer face with respect to a
horizontally-stratified water column, as part of the FFR calculation in HIPS SV Correct.

4.1.1.1.2 Configuration Options The Vessel Wizard configuration options enable the user
to enter offset parameters for “sound velocity” corrections (more appropriately, sound speed
corrections as explained in|4.2.3.4), a dynamic draft table, and “waterline” value for the vessel.

Typically, bathymetry data will require sound speed (i.e., refraction) correction during post-
processing and the option to “define parameters for sound velocity corrections” should be
checked. If this option is checked, the hydrographer will also be prompted to enter any mount-
ing offsets for the sonar transducer. Only large mounting offsets should be entered here. Small
offsets will be accounted for during the patch test. However, some MBES systems correct for
refraction during data acquisition. If refraction correction has been performed in real-time dur-
ing data acquisition, sound speed correction during post-processing is generally unnecessary
and is not performed. Typically imagery data will not require sound speed correction either,
and “defining parameters for sound velocity corrections” is unnecessary for HVFs used only to
process data that will not be sound speed corrected during post-processing.

Dynamic draft refers to changes in draft induced by the flow effects of a vessel moving
through the water. Corrections for this effect can be applied during post-processing via either
a Dynamic Draft table of speed-versus-draft values entered in the HVF or from a “delta draft”
time series that is loaded during post-processing. The OCS standard practice is to enter a
speed-versus-draft table that is applied in post-processing. Thus, in most cases the option
to “create a Dynamic Draft table or speed vs. draft values” should be checked and values
manually entered into this table by the hydrographer.

The term “waterline height”, as defined by CARIS, refers to the measured vertical difference
between the vessel waterline and the established origin of the local vessel reference frame
(RP). This value will be positive if the vessel waterline is below the RP, and negative if the vessel
waterline is above the RP. Variations in static draft of the transducer should be accounted for
by adjusting the waterline height in the HVF, thus the HVF option to “define vessel waterline
height variations” should be checked and the waterline value applied in post-processing.
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Note: Some sonar systems must be configured such that depths are reported relative to
the waterline, rather than the transducer. In such cases, the value entered for waterline may
not be as defined above, and the hydrographer should verify that the combination of values
entered in the HVF for transducer vertical offset and waterline do not cause an erroneous
vertical correction.

4.1.1.2 HIPS and SIPS Vessel Editor

Once a new HVF has been created with the Vessel Wizard, sensor offsets and additional sen-
sors, such as CARIS “TPE values,” (see section can be activated using the CARIS HIPS
and SIPS Vessel Editor. It should be noted that HVFs use a left-handed coordinate system,
as summarized in Table (Be aware that despite the fact that the +Z axis is down, when
recording vessel motion positive heave action is up.) The user should verify that offset values
determined during the vessel survey adhere to the same coordinate system as the HVF. If this is
not the case, surveyed offset values will need to be converted so that the vessel configuration
is accurately represented in the HVF.

| Coordinate System Component | Direction \
+X axis Starboard
+Y axis Forward (toward bow)
+Z axis Down (into the water)
+Pitch Bow down
+Roll Starboard up
+Heave Up (out of the water)

Table 4.2: CARIS HVF coordinate system (a left-hand coordinate system).

Note: Coordinate systems vary among NOAA survey systems and software. This information
should be verified in the appropriate user’s manual prior to entering offsets into any software or
equipment configuration. Coordinate systems for common OCS survey systems are described
in Appendix 1, Coordinate_Systems.pdf.

The hydrographer may find it useful to create a three-dimensional Vessel Shape when enter-
ing sensor offsets. This image, created using Vessel Editor’'s Edit > Vessel Shape menu, shows
the relative location of sensors as entered in the HVF and can provide the hydrographer with a
quick verification that offsets have been entered correctly.

4.1.2 Creating CARIS Projects

To simplify data management, OCS recommends that a separate CARIS Project be used for
each type of data acquired for an OCS survey. Project names should include the survey registry
number (e.g., H12345 or FOO123), rather than a survey letter designation, and an indicator of
the data type. For example, the first 100% of side scan data acquired for survey H12345 might
be contained in a CARIS Project named H12345 100SSS. New Projects are created, and any
existing Project filing structure can be modified, using the CARIS New Project Wizard. When
adding a new Project, the Wizard will request the following data:

o Description - Provide a brief summary of the purpose of the Project and any significant
survey-specific information. The bulk of the description can be extracted from the In-
troduction, Location, and Priority sections of the Project Instructions. Note: Entering a
description is important because this is one of the few places in HIPS and SIPS where
external metadata can be attached to digital data.



CHAPTER 4. DATA PROCESSING AND ANALYSIS 124

o Owner - List the assigned ship or field party, as well as the Lead Hydrographer (Command-
ing Officer or Chief-of-Party) and Survey Manager.

o Map Projection - Map Projection establishes the coordinate system to be used for the
Project view in HIPS/SIPS. If AUTO _UTM is specified, the coordinate system of the Project
view will be based on the ellipsoid manually entered in the HVF. The AUTO_UTM option
can be used, provided a Universal Transverse Mercator (UTM) projection on the North
American Datum of 1983 (NAD83) has been entered for all HVF files associated with the
survey.

o Project Extent - Enter the basic boundaries of the survey area. Project Extent is expressed
as a regular (i.e., non-rotated) rectangle. Project Extent should completely cover the as-
signed survey limits. Note that data brought into a CARIS Project are not automatically
clipped to this area; the clipping function is optional and requires user activation. If acti-
vated, the default clipping boundary will be the Project Extent, but this may be modified
by the user. Refer to the CARIS HIPS and SIPS User’s Manual for additional information on
clipping data.

4.2 Bathymetry Processing

NOAA hydrographic field units typically acquire bathymetric data using VBES, MBES, or a com-
bination of both. VBES depths are processed using the CARIS HIPS Single Beam Editor tool to
review and edit data anomalies. MBES data may be edited in two different ways: using CARIS
HIPS Swath Editor tool to edit data in a time-series mode, or using the CARIS HIPS Subset Editor
tool to edit data in a spatial mode. In both instances, Bathymetry Associated with Statistical
Error (BASE) methods are used to generate, using one or more different algorithms, a digital
seafloor model that contains depth and uncertainty information at each model node. In ad-
dition to the basic bathymetric layer, auxiliary information layers such as standard deviation
of soundings, sounding density, shoal depth, source identification, hypothesis count, and hy-
pothesis strength will be generated depending upon the algorithm used to construct the BASE
surface. These BASE surface layers are used to guide the hydrographer to areas that require
further examination and/or editing. This concept is explained in greater detail in section|4.2.1}]

Unlike VBES and MBES data, depth measurements acquired by leadline, sounding pole
and/or diver least depth gauge are positioned using a type of target file referred to as a de-
tached position (DP) and depth data is entered manually in Pydro. Since target files are more
frequently used to locate point features such as shoreline items and bottom samples than these
types of depth measurements, processing details have been included in[4.4.1.2].

4.2.1 The BASE Surface Concept

A BASE surface represents bathymetry as a dense grid of statistically derived depth estimates.
Various products can be derived from BASE surfaces, including a shoal-biased set of depth es-
timates for safe vessel navigation. The BASE surface paradigm discussed herein is specifically
designed for MBES data, which typically has a high sounding density. Nevertheless, VBES data
can also be assimilated into the BASE surface model. The Survey Manager should consult,
through his/her chain-of-command, OCS’s Hydrographic Surveys Division for the most current
guidance on incorporating VBES data into BASE surface data.



CHAPTER 4. DATA PROCESSING AND ANALYSIS 125

4.2.1.1 Base Surface Methods

There are two different algorithms used by NOAA hydrographic field units for creating BASE
surfaces: uncertainty weighted grids and the combined uncertainty and bathymetric estimator
(CUBE) method. Each of these methodologies is described below.

4.2.1.1.1 Combined Uncertainty and Bathymetric Estimator (CUBE) CUBE is a grid-
ding algorithm developed at the University of New Hampshire (UNH)/NOAA Center for Coastal
and Ocean Mapping Joint Hydrographic Center by Dr. Brian Calder. Its primary advantage over
uncertainty weighted grids is that it is less susceptible to noise. CUBE works in two stages:

1. Integration of Soundings into Hypotheses - During the first stage, all soundings in the
area are grouped into internally consistent depth hypotheses, using the uncertainty of
the soundings as a threshold.

2. Disambiguation - After all soundings are integrated, a second stage determines which hy-
pothesis at each node is the most likely to be the seafloor. There are three disambiguation
methods in the CARIS HIPS 6.1 version of CUBE. The simplest is by density, where the hy-
pothesis with the most soundings supporting it is chosen. The second is by locale, where
the hypothesis most consistent with its neighbors is chosen. The third method, density
and locale, combines these two methods. First, the density method is used. Then, for any
nodes where this method was ambiguous (thresholded by the ratio of the highest density
hypothesis to the next highest density hypothesis), the locale method is used. The density
and locale method seems to yield the best results in most circumstances and should be
the method chosen by default.

The CARIS HIPS integration is well documented in the CARIS HIPS and SIPS User’s Manual. This
manual should be referenced for details on the workings of the algorithm and explanations of
the user interface.

When editing a CUBE surface, the user may opt to edit soundings or to edit hypotheses.
For NOAA hydrographic survey data, it is critical that only sounding edits be used to correct
gridding problems. This is primarily because hypothesis edits exist only in the context of a
single grid, and will be lost if that grid is recomputed.

4.2.1.1.1.1 CUBE Parameters Thereisasmall parameter file called “CUBE_Params.xml”
in the HIPS system directory that is referenced in the HIPS environment. The values in this file
control the behavior of the CUBE gridding and disambiguation processes. The meaning and
effect of each parameter is described below:

Estimate Offset Value (EOV)

o The threshold used to determine whether to spawn another hypothesis.
o Default is 4.0 times the TPE (see section}4.2.3.6).
o A reasonable value is 2.0.

o If TPE is overestimated, a smaller value (1.0) should be used.

o

Used to separate noise from seafloor.

o

Too large a value will lead to lots of noise integrated into a single hypothesis.

o

Too small a value will lead to “daisy cutting” where small features are removed.
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Horizontal Scale Value (HSV)

o Controls the shape of the weighting curve near a node.
o Default is 2.95.
o Areasonable value is 0.5.

o Appropriate value depends on TPE estimates. Overestimation of horizontal error or high
HSV leads to small features being smeared and detail lost.

Capture Distance Scale

o One of the limits on propagation distance.
o Default is the greater of 0.5m or 5% depth.
“Complete” standard is the greater of 2m or 20% depth.

o

o

“Object Detection” standard is the greater of 0.4m or 4% depth.

o

The smaller the value, the more null nodes and noise, but better honoring of small fea-
tures.

Null Hypothesis

o A Null Hypothesis occurs when all hypotheses are rejected as unlikely.

o For the null hypothesis test to reject a hypothesis, a single sounding, single hypothesis
node must have “Null Hypothesis Min Neighbors” qualified neighbors with a hypothesis
strength below “Null Hypothesis Strength Max”, the ratio of the standard deviation of the
sounding and its neighbors to the standard deviation of the neighbors must be greater
than threshold “Null Hypothesis Ratio”, and “Enable Null Hypothesis” must be set to true.

Locale Disambiguation

o In “density and locale” disambiguation, a locale test is performed when the hypothesis
strength exceeds the “Density Strength Cutoff Value”.

o In the locale test, a set of hypotheses is compared to the mean of neighbors with hypoth-
esis strength less than “Locale Strength Max Value” within “Locale Radius Value” of the
subject node.

OCS recommends that all field units use the parameter set that is required for their survey.
If a “Complete” survey is required, use the “Deep” parameter file. If an “Object detection”
survey is required, use “Shallow” parameter file. Both of these parameter files will be available
through the HIPS distribution.

4.2.1.1.2 Uncertainty Weighted Grids In order to generate uncertainty-weighted BASE
surfaces, TPE (see section must be calculated for each sounding. TPE accounts for
the a priori horizontal and vertical components of uncertainty associated with each sounding
measurement. TPE is formulated from the summation of the modeled uncertainties for all sub-
systems included in the overall hydrographic survey system (e.g., water levels, tide zoning,
attitude sensor error, navigation sensor horizontal position error, sound velocity profile error,
sonar bottom detection method, etc.). The sources of uncertainty values include (or may be
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combination of) manufacturer specifications, theoretical values, and empirical observations
from the field. These values are entered into the HVF.

OCS-recommended uncertainty values are contained in the CARIS HVF Uncertainty Val-
ues.pdf in Appendix 4. The uncertainty values described in the appendix are provided as guid-
ance for use in standard NOAA hydrographic surveys. These values do not cover the breadth
of operations encountered by all field parties, nor do they cover the range of equipment con-
figurations possible for any particular vessel. As such, these values should serve a starting
point in developing a vessel’s error model. Any deviation from the attached values should be
completely described in the applicable Descriptive Reports and DAPR.

In general, soundings (observation points) do not coincide with grid nodes (BASE surface
estimation points). To account for this, the vertical component of a sounding’s TPE is propa-
gated to a grid node according to a power law that models the increase in uncertainty as a
function of three variables: distance between sounding and node, the sounding’s horizontal
component of TPE, and grid node resolution. The amount of weight an observation exerts on a
given BASE estimation point is inversely proportional to the propagated vertical uncertainty of
the observation. See Figure[4.]].
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Figure 4.1: Model for propagated uncertainty in depth

Where oy and oyare the vertical and horizontal components of TPE (resp.), Sy is a scale factor
representing the worst case error that horizontal TPE can contribute, z;and n;are the location
of the sounding and estimation node (resp.), Azand Ayare the two-dimensional spacing of grid
nodes, and the exponent is a heuristic to control overall growth of propagated uncertainty, op.
The HIPS BASE surface algorithm uses a value of 1.0 (HIPS has already scaled oy by 1.96, for a
95% confidence interval) and an avalue of 2.0.

Theoretically, every sounding can affect every node in a BASE surface encompassing a
survey area. For computational efficiency, HIPS limits a sounding’s radius of influence on sur-
rounding nodes through the following “spreading conditions.” (1) At a minimum, each sounding
affects all nodes within a radius of 0.707 times the grid resolution of its position; i.e., within half
the distance of the diagonal on a regular (square) grid. Hence, a given sounding will affect at
least two to four nodes, depending on where it is situated with respect to the nodes. (2) Each
sounding will propagate at most a distance determined by a user-specified threshold of prop-
agated vertical uncertainty. The uncertainty threshold is expressed in HIPS according to an
IHO sounding error model (see Figure ); that is, an estimate of all constant errors (a) and
depth-dependent errors (b times d) are summed in quadrature as shown in Figure[4.3]
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Figure 4.2: Generalized uncertainty growth curve with respect to sounding radius of influence
(d).
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Figure 4.3: IHO total sounding error budget model, 95% confidence level (a and b are constants,
d is depth)

OCS requirements for the accuracy of measured depths, as set forth in the HSSD, are
adapted from IHO S-44, Standards for Hydrographic Surveys, 4th Edition, which defines Spe-
cial Order (a=0.25 meters, b=0.0075), Order 1 (a=0.5 meters, b=0.013 or 1.3% of depth),
and Order 2 (a=1.0 meters, b=0.023 or 2.3% of depth) standards. OCS specifies that the to-
tal sounding error in a measured depth at the 95 percent confidence level, after systematic
and system specific errors have been removed, shall not exceed the IHO Order 1 standard in
depths up to 100 meters and shall not exceed the IHO Order 2 standard in deeper waters. If
either an IHO Special Order standard or a user-defined accuracy is required for a survey, these
requirements will be stated in the project Project Instructions.

4.2.1.1.3 Other BASE Weighting Methods in HIPS CARIS HIPS allows BASE surfaces to
be generated using either swath-angle weighting or the uncertainty weighting discussed in
the previous section. Swath-angle weighted BASE surface nodes do not incorporate TPE (see
section and, hence, node “uncertainty” is not available therein. Unless specifically
stated to the contrary, use of the term “BASE surface” in conjunction with OCS hydrographic
surveys refers to those surfaces generated using the uncertainty weighting method.

4.2.1.2 BASE Node Attributes

The depth at a given BASE surface grid node, n, is the mean depth (weighted by propagated
depth uncertainty) of the set of N soundings whose domain, Di, contains n. Likewise, the un-
certainty at a given node is the mean uncertainty (weighted by propagated depth uncertainty)
of all the soundings contained in set N. See Figure [4.4] Note that the depth at grid node n is
the weighted mean of soundings 1, 2, and 3. Sounding 4 is not included because its radius of
influence does not encompass grid node n.
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Mean of Soundings in Set N={Soundingsi=1,2.3}

Figure 4.4: Formulation of BASE surface nodes from soundings

In addition to depth and uncertainty, users can include five additional attributes in the BASE
surface nodal data. The definitions of the seven nodal attributes are summarized below. Note
that all node statistics are computed from the set of surrounding soundings whose propagated
vertical uncertainty passes a user-supplied threshold (IHO Order):

o Depth - weighted-mean depth of soundings that contribute to a node; weighting is in-
versely proportional to the propagated vertical uncertainty of the soundings.

o Uncertainty - weighted-mean vertical component of TPE (see section|4.2.3.6) of soundings
that contribute to a node; weighting is inversely proportional to the propagated vertical
uncertainty of the soundings.

o Density - number of soundings that contribute to a node.

o Std Dev - sample standard deviation (not weighted) of soundings that contribute to a
node; multiply Std_Dev by 1.96 to obtain the 95% confidence interval.

o Shoal - shoalest sounding from the set of soundings that contribute to a node.
o Mean - sample mean of the set of soundings that contribute to a node.

o Deep - deepest sounding from the set of soundings that contribute to a node.
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4.2.2 Bathymetry Processing Flow Diagrams
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Figure 4.5: Processing flow diagram for VBES data
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Figure 4.6: Processing flow diagram for MBES data
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4.2.3 Daily Batch Processing

A number of processing tasks need to be performed on “raw” bathymetry data (i.e., unaltered
data in the format recorded by the acquisition software) before any detailed analysis and eval-
uation can occur. Some of these daily tasks are interdependent, and the specific sequence is
critical. The recommended ordering of daily batch processing tasks is as follows:

Conversion

Load Tides[4.2.3.2]

Load True Heave, if applicable[4.2.3.3|
Sound Speed Correction [4.2.3.4]

Merge [4.2.3.5]

Compute TPE[4.2.3.6]

Filter(4.2.3.7]

Add to Coverage BASE Surface[4.2.3.8]

© N o U A W N -

Most of the tasks above can be semi-automated using the HIPS “Batch Processor” tool. Data
format dictates how specific batch processing actions should be configured; thus, a separate
HIPS Batch Processing File (.hbp) is needed for each raw data format type.

In general, all of the aforementioned tasks should be completed for any type of echosounder
data. However, steps 6-8 will not be necessary for VBES data that will not be incorporated into
a BASE surface. A basic set of batch processing files can be specified for each data type and
reused on the appropriate set of survey lines acquired each day. In some circumstances, either
creation of custom batch processing files or manual processing of one or more tasks, line-by-
line, in non-batch mode may be necessary. For example, conversion and filtering options may
need to be customized to reflect changes in echosounder performance as weather conditions
varied throughout a survey day.

4.2.3.1 Conversion

CARIS HIPS supports numerous different data formats that can be used to record bathymetry.
During conversion, HIPS uses the raw data to create a single, proprietary data format that will
be used in subsequent CARIS processing routines. These files in CARIS HIPS format are referred
to as “HIPS files” or “HDCS files”.

Depending upon the system type and setup, recorded raw data may have been corrected for
factors such as vertical (depth or height) offsets, vessel motion, or acoustic refraction during
acquisition. It is critical that HVFs account for any real-time corrections performed, so that
“double corrections” do not occur during post-processing.

If an HVF error is discovered subsequent to post-processing, it may be necessary to reap-
ply certain correctors and re-merge. Depending upon the error, a re-conversion may be re-
quired; however, most HVF settings do not impact the HIPS data conversion process. (HVF
settings that can directly affect the data conversion process include VBES draft and MBES
beam numbering.) Data processors should not automatically resort to time-consuming re-
conversion and re-processing of a significant amount of data upon discovering an HVF error.
If unsure whether data repairs are necessary, the Survey Manager should consult, through
his/her chain-of-command, the Hydrographic Systems and Technology Program for assistance.
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The following sections contain guidance for converting common raw bathymetry data for-
mats used by OCS into HDCS files. Relevant background information is provided, followed by
a table of guidelines for specific HIPS and SIPS Conversion Wizard settings related to each raw
bathymetry format.

Note: HIPS uses the same Conversion Wizard as SIPS for a given raw data format. Options
related to conversion of sonar imagery stored in raw MBES data are not addressed in this
section; seel4.3.3.1|for imagery conversion details.

4.2.3.1.1 Elac (XSE) InHIPS, “Elac” data refers to SEABEAM multibeam system data stored
in Data Exchange Format (XSE). SEABEAM 1050D and 1180 multibeam system (hereafter, Elac)
data are acquired in XSE format using the Hydrostar ONLINE (Hydrostar) software package.
Some detailed knowledge of the Elac MBES system is necessary to understand the data con-
version options available in HIPS. SEABEAM manuals have historically contained errors intro-
duced during language translation; thus, the information contained in this manual is fairly
extensive and represents the best knowledge of the 1050D/1180 systems as used by NOAA
for hydrographic surveying. Most notably, system beam geometry differs quite a bit from the
information provided in the SEABEAM manuals. Additional Elac/SEABEAM reference materials
are included on the Hydrosoft DVD.

Elac 1050D (50 or 180 kHz) and 1180 (180 kHz) multibeam systems utilize a pair of trans-
ducers, and echosounding is achieved using a Rotating Directional Transmission (RDT) method.
Sonar transmission occurs across adjacent sectors in a 3-step “subfan” process, as shown in

Figure[4.7]

Fatwridth Setting (for transducer pais)
15.5% 41° 63.5° 867 1055 1317 153.5°

'
thd
Side |nubfans:

SEABEAM “Elac™ 1050001120
Transmission Pattern (sthd side shown)
3 Beams per Subfar, Max. 63 Beatns per Side

Figure 4.7: Elac RDT method.

For each of the 3 subfans within a sector, the receiving beamformer calculates 3 beams,
for a total of 9 beams per sector. There are 7 fanwidth settings possible, the maximum of
which (153.59) utilizes 7 sectors, for a total of 126 beams within a “virtual swath.” The term
“virtual swath” is used to emphasize the fact that (1) the transducer arrays transmit quasi-
simultaneously so that not all the beams lie in the same plane and (2) the transducer arrays
are mounted a finite distance apart in such a manner that a real gap exists between the 2
half-fanwidths. HIPS Swath Editor portrays the 2 half-fanwidths as being adjoined at nadir and
all beams as being within a single ping-plane. Both (1) and (2) are clearly visible in HIPS Subset
Editor.

Bathymetry datagrams are stored starboard-to-port in the XSE format; however, the HIPS
Elac converter gives the options to number beams from starboard-to-port or from port-to-
starboard. The OCS standard practice is to number beams from port-to-starboard. Additionally,
HIPS defaults to numbering XSE beams from 1 to N, where N depends on the maximum fanwidth
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setting in Hydrostar. The 1-to-N beam numbering can be overridden via the “Pad Transducer
1 with NULL beams” option. Because the 1050D and 1180 systems compensate for roll during
beam forming, OCS recommends padding be used to reference beam numbering to beam an-
gle (from nadir); i.e., given the maximum number of beams possible, 126, the nadir-most pair
of beams will always be numbered 63 and 64, see Table[4.3]

| Fanwidth (degrees) | Number of Beams, N | Beam #s with padding |

153.5 126 1-63, 64-126
131.0 108 10-63, 64-117
108.5 90 19-63, 64-108
86.0 72 28-63, 64-99
63.5 54 37-63, 64-90
41.0 36 46-63, 64-81
18.5 18 55-63, 64-72

Table 4.3: Hydrostar fanwidth settings, resulting number of beams in multibeam swath, and
beam numbers assigned to transducer 1 and 2 in HIPS using padding.

An additional complication in Elac data conversion is due to the system’s use of flat-faced
transducers. The “Surface Sound Speed (manual or interpolate)” conversion option dictates
what goes into an “originalSoundVelocity” file, which is used during the flat-face refraction
(FFR) calculation if it is performed during HIPS SV Correct. The manual option allows the user
to enter originalSoundVelocity data in the dialog; the interpolate option sets the originalSound-
Velocity data equal to a linearly-interpolated value of sound speed at the transducer depth
based on the first sound speed profile encountered in the XSE file. OCS recommends that FFR
be performed during data acquisition (rather than in SV Correct) using sound speed data from
a probe mounted at the transducer depth (see[4.2.3.4).

| Options | OCS Guidelines \
Beam Numbering The OCS standard is for MBES beams to be
- starboard-to-port numbered from Port-to-Starboard.
- port-to-starboard
Surface sound speed OCS recommends performing FFR during
- Manual data acquisition. If data quality dictates
- Interpolate that FFR be performed during SV Correct,

OCS recommends using a value
interpolated from the first sound speed
profile in the XSE data file.

Pad transducer 1 with NULL | OCS recommends padding transducer 1
beams with NULL beams. Note: For this to work
properly, the HVF must be configured with
2 transducers, each specified to have 63
beams (126 beams total).

Table 4.4: OCS guidelines for converting Elac data.

4.2.3.1.2 Generic Sensor Format (GSF) Generic Sensor Format (GSF) may be used to
store data from a variety of VBES and MBES system configurations. GSF is particularly well
suited for storing data that have been subject to real-time corrections during acquisition. As
noted in[4.1] any real-time corrections in the logged data must be accounted for when creating
the HVF. Real-time corrections may also affect processing decisions made in HIPS.

As compared to the Daily Batch Processing steps presented in the state of a given
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GSF dataset may range from raw (i.e., no corrections applied) to a condition where steps 2,
3, and 4 have already been completed. The options for converting GSF data into HDCS files
are fairly simple because much of the behavior of the converter cannot be manipulated by the
user. The GSF format includes a standard ping flag definition to indicate whether data are “on
line” (e.g., data from a planned survey line) or “off line” (e.g., data in between lines, during
turns, transits, etc.). The only choice a user must make during HIPS conversion of GSF data is
how to treat these off-line data.

] Options | OCS Guidelines \

Off Line Data Typically, “off line” data should be rejected
- reject off line data

Table 4.5: OCS guidelines for converting GSF data.

4.2.3.1.3 HYPACK HYPACK is the standard data format used by NOAA hydrographic field
units to log VBES data. HYPACK software may also be used to store data from a variety of MBES
systems via an additional software module called HYSWEEP. For OCS hydrographic survey data,
HYPACK VBES files should be recorded using a DOY (erroneously termed “Julian Date” in the
HYPACK software) file extension. MBES data, recorded using HYSWEEP should be logged as
ASCII *.HSX (HYSWEEP Survey Extension) files.

Within the raw HYPACK file, data recorded from each sensor in the acquisition system is as-
sighed a “device number.” This numbering scheme will vary according to the specific hardware
configuration used to record the data. During conversion, device numbers can be specified to
correlate each sensor’s data string with a specific type of data (e.g., echosounder, heading,
navigation, etc.). If no device numbers are specified, the converter will look for sensor data
using known NMEA device strings. Specifying device numbers during conversion ensures that
HIPS does not incorrectly identify a data string. Device numbers can be verified by reviewing
a raw HYPACK line file in a text editor, such as WordPad, in which each device number will be
listed adjacent to its respective device name.

4.2.3.1.3.1 VBES Data When logging VBES data, HYPACK records depth values directly
from the echosounder, rather than two-way acoustic travel times. For OCS hydrographic survey
data, field units must recalculate VBES depths using an actual measured sound speed profile
during post-processing. HIPS will assume an estimated sound speed of 1500 m/s was applied
to data during acquisition and uses that value to determine a two-way acoustic travel time for
each sounding. HIPS can than recalculate VBES depths using a measured sound speed profile.

Note: If using a VBES system in which the speed of sound through water can be manually
entered, the hydrographer must enter 1500 m/s to facilitate the above HIPS process, as noted
in section[3.2.3}

If dual-frequency VBES data are being converted, high- and low-frequency soundings are
stored side-by-side in the HYPACK raw data record. During conversion, each sounding will be
flagged as either “Primary” or “Secondary” in the order in which it appears in the datagram.
For example, if the high frequency depth is listed first in the record and the user chooses
“Primary, Secondary” for conversion, the high frequency depth will be flagged Primary and the
low frequency depth will be flagged Secondary. Primary soundings are also flagged “Selected”
by default in HIPS, and only Selected depths will be carried through to final processing. Users
may override the Primary/Secondary flagging assigned during conversion to force a depth into,
or remove one from, the set of Selected depths.

Note: In dual frequency systems, the low frequency beam width will be wider than the
high frequency beam width. If the low frequency return shows a shoaler depth than the high
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frequency, it often indicates a feature offset from the vessel trackline. The least depth of such
a feature may not have been captured by the low frequency signal; thus, the hydrographer
should note the feature’s position and perform a development (see[4.4.8).

4.2.3.1.3.2 MBES Data Converting HYSWEEP MBES data is nearly identical to convert-
ing HYPACK VBES data. The primary differences are that the user must select raw * HSX files
for conversion and choose the “Multibeam” option for soundings, rather than Single Frequency
or Dual Frequency as would be required for converting VBES data. Device numbers should still
be specified as described in the beginning of this section.

] Options | OCS Guidelines \

Single Frequency If Single Frequency VBES data is being
converted, it will automatically be
classified as “Primary”.

Dual Frequency The OCS standard is to read in high
frequency as “Primary and low frequency
as “Secondary”.

Multibeam For HYSWEEP MBES data, simply choose
the multibeam option.
Static Draft Typically, static draft should not be applied
- apply during during conversion. The OCS standard is for
conversion sensors to be referenced to a vessel RP

and static draft to be accounted for via a
“waterline” correction entered in the HVF.

Refer to section{4.1.1.1.2}|

Device Numbers If the hardware setup in HYPACK is
unambiguous, then blank device numbers
may work fine; OCS recommends explicitly
stating the device numbers during
conversion.

Sound Velocity Data acquired for OCS hydrographic
surveys shall be corrected for sound speed
using actual measured sound speed
profiles. For HYPACK data, this process is
performed in HIPS.

Table 4.6: OCS guidelines for converting HYPACK data.

4.2.3.1.4 Simrad The Simrad data converter is designed for use with data from Kongsberg
Simrad multibeam systems, such as the EM1002 or EM3000. Two notable options are available
when converting Simrad data, shortening line names and decimating attitude data.

Simrad generated survey line names can be quite long. During conversion, the user can
opt to modify raw line file names into 12-character HIPS line names using the format YY-
DDD_HHMMSS (2-digit year + DOY + integer hour, minute, second, based on the starting date
and time of the line data).

To reduce file size, attitude data can be decimated during conversion. Often, the output rate
of attitude sensors used during multibeam data acquisition can be unnecessarily large (e.g.,
higher than 25 Hz), creating very large attitude data files in HIPS. The attitude data decimation
factor determines the ratio of attitude data that is converted. For example, using a factor of 1
converts all data; a value of 10 converts every tenth attitude record.
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| Options | OCS Guidelines

Shorten Line Names OCS recommends shortening line names.

Attitude Data Decimation Factor | A minimum attitude sample rate of 25 Hz is
recommended by OCS. Do not decimate attitude data
beyond this value, e.q., if attitude sample rate is 100 Hz,
do not decimate attitude data by a factor greater than 4.

Table 4.7: OCS guidelines for converting Simrad data.

4.2.3.1.5 Extended Triton Format (XTF) The eXtended Triton Format (XTF), created by
Triton Imaging, may be used to store data from a variety of MBES systems. (Imagery data
can also be acquired in the XTF format, as discussed in[4.3.3.1.4]) XTF datagrams are com-
prised of a Triton-defined “header” attached to an optional manufacturer-specific sensor data
packet. XTF is a common data format within OCS, primarily due to the widespread use of Triton
Imaging’s IsisSonar data acquisition software.

Three datagram types must be considered when making choices for multibeam XTF conver-
sion in HIPS: “bathy,” “raw navigation,” and “attitude.” All three of these datagrams may be
present in a raw XTF file. Critical sensor data can be logged in multiple datagrams, and may
also be recorded in multiple locations within the bathy datagram, as described below. Naviga-
tion sensor data can be stored in both the bathy and the raw navigation datagrams. Heave,
pitch, roll, and “gyro” (i.e., heading) data can be stored in both the raw navigation datagram
and the attitude datagram. Gyro data can also be stored in the bathy datagram. While this
sensor data may appear redundant, data quality can vary. The hydrographer will want to ap-
ply the most accurate sensor data available, and should consider factors such as data source,
time latencies, and update rates when determining which data to associate with sounding data.
Which particular sensor fields are meaningful to the bathymetry is entirely dependent on how
the acquisition software is configured to log XTF data.

Raw navigation datagrams are typically present in XTF data only when Precise Timing is
employed (see[3.2.4.1.2). Since Precise Timing corrects for latencies in data transmission, OCS
recommends using the raw navigation datagram for all sensor data if available. If the sonar
system has not been configured for Precise Timing, navigation data can also be stored in two
fields, “ship” and “sensor,” within the XTF bathy datagram. The primary difference between
the “ship” and “sensor” fields is how the data is time stamped. “Ship” navigation is associated
with the time logged in the XTF header, while each “sensor” navigation string is individually
time stamped. Options for obtaining attitude and gyro data will vary depending on the choice
made for navigation data.

When converting bathymetry data, the user may choose to automatically flag-reject sound-
ings according to their quality value. The encoding of sounding quality flags is entirely a func-
tion of the specific echosounder system being used and how the HIPS converter maps those
flags to four discrete levels: 0, 1, 2, and 3. Refer to the CARIS HIPS and SIPS User’s Manual for
additional information on sounding quality flags.

4.2.3.2 Load Tides

For NOAA charting purposes, hydrographic sounding data must be merged with water level
observations relative to the local “chart datum,” typically mean lower-low water (MLLW). The
HIPS Load Tide tool creates a water level height time series in each survey line directory that
is appropriate for the position and time of each line.

If tidal effects throughout a survey area are complex or if multiple water level stations are
located nearby, an optional zone definition file (.zdf) can be used to express how the ampli-
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tude and phase of the tide within a given area is related to available water level station data.
For each zone, a reference water level station, time corrector, and range corrector will be pro-
vided. This technique called discrete tidal zoning does not account for the effects of spatially
varying harmonic and non-harmonic effects on the water levels. The accuracies achieved by
this method may be inconsistent from one survey area and/or time periods to others, and the
resulting uncertainties may be difficult to quantify.

A tide or water level file must be loaded prior to merging data in HIPS, but actual water level
data may not yet be available. Thus for daily data processing, a zero or predicted tide file will
often be used. If survey data were compensated for water level variances during acquisition or
if water level measurements are not necessary for the survey area (e.g., some non-tidal rivers
or lakes), a “zero tide” file must still be loaded to enable the HIPS merge process.

Note: Non-tidal areas are still subject to water level variances due to factors such as wind,
rain, barometric pressure changes, and freshwater runoff.

If preliminary or verified water levels are available, the most accurate of these data should
be applied (see4.2.5.1).

Note: HIPS currently supports a “weighted averaging” option for zoned tides. This option
applies data from multiple water level stations by weighting observed water level measure-
ments based on the inverse of the station-to-vessel distance. OCS does not recommend using
HIPS “weighed averaging,” because the two-dimensional character of the survey area is not
taken into account (i.e., the station-to-vessel distance vector may cut through land).

4.2.3.2.1 Tidal Constituent and Residual Interpolation (TCARI) Tidal Constituent and
Residual Interpolation (TCARI) was designed for total water levels relative to Mean Lower Low
Water (MLLW)at selected hydrographic survey areas along the coast by the spatial interpola-
tion of tidal data. The model spatially interpolates the harmonic constants (used to predict
the astronomic tide), tidal datums, and residual water levels (i.e., the non-tidal component or
the difference between the astronomically predicted tide and the observed water level) using
the values at a combination of operational and historical stations. The method works best in
regions where there is an abundance of high quality tidal data surrounding the survey area.
TCARI methodology has the potential to yield water level correctors with increased accuracy
and reduced uncertainty.

For several years NOAA has been investigating more sophisticated water level interpolation
schemes as part of the TCARI program. The objective has been to eliminate or reduce some of
the drawbacks and uncertainties in using discrete tidal zoning, including the vertical "stepping"
effects typically produced across hydrographic survey project areas, the use of an averaged
time difference correction for both high and low waters, and the limitations of tidal zoning
corrections in areas of large range and time differences and changes in tide type (i.e changes
in the shape of the tide curve).

The use of TCARI, just as in discrete tidal zoning, requires the oceanographer to evaluate
and understand the tidal characteristics of the survey areas. Success in either method re-
quires information from historical tide stations and other sources. Gaps in information limit
both methodologies. And both methodologies require tide stations to be in operation during
survey operations. TCARI first requires the development of a model grid to cover the survey
areas and then requires a spatial field of harmonic constants from historical stations for the in-
terpolation instead of just the average time and range of tide required by tidal zoning. Finally,
TCARI planning requires an analysis of the non-tidal residual across the survey area to deter-
mine the location and number of stations to be in operation during the survey. TCARI grid files,
interpolation weighting functions, and harmonic constant files are created during planning and
sent to the survey platform. Survey vessels must obtain the observed data from the specified
tide stations during the survey so that TCARI can apply the interpolated water level residuals
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in the process.

NOAA intends to fully implement TCARI for NOAA internal platforms this 2008 field season
however it should be noted that TCARI may not be used or suitable for all survey areas. In
the near term, it is expected that both TCARI and traditional tidal zoning will be used and the
applicable tool will be determined by CO-OPS in the planning stage on a survey by survey basis.
CO-OPS will either send TCARI program files or discrete zoning to the field but not both. Field
units receiving a TCARI grid from CO-OPS can load it into Pydro with water level data to create
tidal reducers for the survey’s bathymetry. Once TCARI has create the tide files, the data can
be merged in CARIS (loading tides option is not necessary, you will not need a .zdf file).

For final tide correctors, the survey vessel should generate and submit a “Request for[Smooth]
Tides”, stating on the request that TCARI was used for that particular survey.

CO-0OPS will review and quality control the TCARI grid sent to the survey vessel and if no
discrepancies or problems are found, will send the vessel a note stating that the preliminary
grid can be used for final tidal correctors. If CO-OPS finds discrepancies or problems, then
CO-OPS will re-evaluate and determine the best solution.

Refer to the TCARI field SOP in the Chapter 4 Appendix for more information.

4.2.3.2.2 Compute GPS Tide The HIPS Compute GPS Tide function theoretically reduces
soundings to chart datum based on a post-processed kinematic (PPK) GPS ellipsoid height.
The user must also know the ellipsoid height-to-MLLW-datum separation to use this function.
Since OCS has not operationally implemented PPK, Compute GPS Tide shall not be used for
processing hydrographic survey data for submission.

4.2.3.3 Load True Heave

If POS/MV TrueHeave was logged during data acquisition, these files should be loaded using
the HIPS Load True Heave tool. Loading true heave files will not overwrite real-time heave
values that are automatically recorded in a raw *.xtf file. However, once true heave files have
been loaded, CARIS will automatically apply true heave unless the user manually deletes the
true heave files from the PVDL directory. The hydrographer can review/edit the true heave
time series data using HIPS Attitude Editor. TrueHeave data will be applied to survey soundings
during either HIPS SV Correct (if performed) or Merge, provided the “apply in post-processing”
option for heave has been checked in the HVF.

Notes: 1) Simrad data is typically compensated for real-time heave during acquisition. To
avoid a double-correction, the Simrad-based TrueHeave algorithm in HIPS applies a vertical
adjustment equal to the difference between TrueHeave and real-time heave. 2) There is a
14 second timing offset between data acquired using Elac sonar systems and TrueHeave data
which introduces a significant heave artifact into Elac data when TrueHeave is applied. For this
reason TrueHeave should not be applied to Elac data.

4.2.3.4 SV Correct

Correcting sonar data for the speed of sound (through water) actually refers to performing a re-
fraction correction based on a sound speed profile of the water column. Variations in the speed
of sound (primarily due to water temperature variations, or thermocline) result in refraction
(bending) of sonar beams. The speed of sound through water will decrease as water temper-
ature lowers, causing a sonar beam to bend downward and creating depth and position errors
in any measurement calculated based on travel time and an assumed linear travel path of the
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sonar beam. Figure illustrates the effect of refraction. The sound wave striking the ther-
mocline at point B slows down, while point A on the same sound wave continues at the original
speed until it strikes the thermocline at C. As a result, the sonar beam bends downward.

SURFACE

S0UND EMERGY SOURCE

THERMOCLINE

Figure 4.8: Sonar refraction due to thermocline.

Note: Although often referred to as sound velocity correction, bathymetry data are actually
corrected for sound speed, as only the scalar magnitude of velocity (i.e., speed) is used by HIPS.
However, when referring to a specific manufacturer’s process, the manufacturer’s terminology
will be used in this manual, e.g., CARIS’ terminology (sound velocity or SV) will be used when
referring the CARIS procedure “SV Correct”.

If sound speed corrections have not been applied in real-time during data acquisition, a
HIPS Sound Velocity Correction must be performed using the SV Correct tool. Two stages of
sound speed processing are possible in HIPS: (1) Adjustment of sonar beam (reported) launch
angle through flat face refraction (FFR), which is not applicable for all MBES systems, and (2)
adjustment of sounding horizontal position and depth through geometric beam ray-tracing.
During HIPS SV Correct, survey line “ObservedDepths” data (alongtrack/acrosstrack position
and depth with respect to the vessel RP) are recalculated from “SLRange” data (beam launch
angle, one-way travel time) and corrected for acoustic refraction as well as (if indicated in the
HVF) waterline, dynamic draft, heave, roll, and pitch.

Note: the “Apply” box in the HVF must be checked for waterline, dynamic draft, and each
attitude sensor for these data to be applied.

If any sensor smoothing was performed during post-processing, the user may choose to
apply the smoothed heave, roll, and pitch sensor values during SV Correct.

Note: Choosing the smooth sensor option will not affect survey data if smoothed coefficient
data are not present. The unsmoothed sensor data will be applied by default.

FFR is very important to the beam forming process for MBES systems that use flat-faced
transducers, and OCS recommends this process be performed during data acquisition. How-
ever, for certain Simrad and Elac flat-faced multibeam transducer types, HIPS is capable of
performing FFR during post-processing.

For Simrad, FFR can be performed in HIPS if beam range and beam angle datagrams are
present in the raw data. (Simrad EM data logged in Simrad Merlin/SIS RAW.ALL format includes
the necessary datagrams; EM data logged in HYPACK HYSWEEP format does not.) A check box
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in the HIPS SV Correct dialog to “Perform an additional recomputation of the steered beam
angles based on a new surface sound speed that will be interpolated from the sound velocity
profile” controls whether or not HIPS will attempt FFR.

For Elac, FFR is automatically controlled by the presence or absence of Surface Sound Speed
(SSP) sensor data. If SSP data have been logged in the raw Elac data, the HIPS converter will
extract it to the HDCS data. The presence of SSP data in the HDCS data implies that a sound
speed probe was utilized during data acquisition and, hence, no re-application of FFR need
take place (the preferred method). If SSP data is not present in the HDCS data, SV Correct will
automatically perform FFR.

Note: The actual SSP data is used for no other purpose than turning Elac FFR on/off during
SV Correct.

If data quality issues dictate that FFR be performed during SV Correct, any SSP files present
in the HDCS data must first be manually deleted. (Refer to section 4.1.1.1.1 for important
details regarding HVF settings pertaining to Elac FFR.)

Beam ray-tracing is performed on all MBES data during HIPS SV Correct, regardless of
echosounder type. Starting from the initial launch angle (reported or otherwise FFR-corrected),
each sonar beam within a given survey line is processed as a ray refracting through the loaded
sound speed profile and tracing a non-linear path. The distance of this path is assumed equiva-
lent to the measured one-way travel time for the beam. By calculating a more precise one-way
travel time, a more accurate beam position and depth can be determined.

Typically, a concatenated SVP file (generated by NOAA's Velocwin software) that contains
multiple sound speed profiles, complete with metadata to indicate when and where observa-
tions took place, will be applied to survey data. In such cases, the user will need to choose a
method for selecting how individual sound speed profiles are applied. HIPS SV Correct provides
four options: previous in time, nearest in time, nearest in distance, nearest in distance within
time. The method selected should be whichever will most accurately represent survey area
conditions.

4.2.3.5 Merge

The HIPS Merge process calculates “Processed Depths” (latitude, longitude, depth) by compen-
sating “Observed Depths” (alongtrack/acrosstrack position and depth with respect to the vessel
RP) for heading, navigation, and tide data. Merge will also apply vessel attitude, waterline, and
dynamic draft if the data were not previously processed with SV Correct.

Note: the “Apply” box must be checked for waterline, dynamic draft, and each attitude
sensor in the HVF for these data to be applied.

The HIPS Merge tool can determine what corrections have been applied during SV Correct
and will not perform a double correction for these sensors.

If any sensor smoothing was performed during post-processing, the user may choose to
apply smoothed sensor values during Merge.

Note: Choosing the smooth sensor option will not affect survey data if smoothed coefficient
data are not present. The unsmoothed sensor data will be applied by default.

The “Apply Refraction” option in Merge controls whether or not any refraction adjustment
saved using Swath Edit’s Refraction Editor will be applied. Refraction coefficients for this pro-
cess are manually determined by the user during Swath Edit processing (see[4.2.4.3.2) and are
stored in each survey line folder.

If no “refCoefficient” files have been created, the “Apply refraction coefficients” option will
have no effect on the data.
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Since OCS has not operationally implemented surveying on the ellipsoid, the “Apply GPS
tide” option in Merge shall not be used for processing data for submission. See(4.2.3.2.1]

4.2.3.6 Compute TPE (Total Propagated Error)

Prior to data processing, vessel offsets and total propagated uncertainty (hereafter referred to
as Total Propagated Error, or TPE) values based on uncertainty estimates for survey equipment
should have been entered into the corresponding HVF (see CARIS HVF Uncertainty Values.pdf
in Appendix 4).

Note: Although often referred to as TPE, we are really concerned with the uncertainty of the
component measurements and therefore the total estimate of a sounding’s uncertainty (i.e.
Total Propagated Uncertainty, or TPU). Hydrographic subject matter experts are beginning to
refer to a sounding’s uncertainty as TPU, and no longer TPE. However, CARIS still refers to TPE
in their documentation and software, so CARIS terminology will be used when referring to the
CARIS procedure “Compute TPE”.

For the most part, uncertainty estimates entered into the HVF file are static over a field sea-
son or in the absence of changes to the vessel configuration. Some HVF uncertainty estimate
values may need to be adjusted on a case-by-case basis to account for any un-modeled uncer-
tainty in a given component of the sounding. For example, in areas with strong currents, uncer-
tainty in vessel speed can be adjusted in the sensor TPE section of the HVF to compensate for
appreciable differences between speed-over-ground and speed-through-water. Another critical
example of TPE values that may need to be updated in the CARIS HVF is depth uncertainty in-
troduced by heave in singlebeam data acquired on vessels without an attitude sensor. Survey
days with substantial heave introduce a larger depth uncertainty than calm days, and require
a larger TPE value in the heave section of the HVF. An estimation of uncertainty introduced by
heave can be calculated by multiplying the heave amplitude (1/2 the wave height) by 0.707.
(This formula is equal to 1 sigma of a sinusoidal wave).

Most of the uncertainty estimates that are entered into a CARIS HVF are straightforward
and are based on direct measurement techniques or manufacturer provided information. The
estimation of the uncertainty value associated with MRU alignment is an exception. There is
no direct method to measure or estimate MRU alignment uncertainty. One method to estimate
these values is to calculate the standard deviation of a large sample of angular bias values
resolved with a patch test. The sample size can be created either by a number of people re-
solving the angular biases or a couple of people resolving the values numerous times. Angular
bias values resolved in a patch test are actually a measurement of the angular bias that exists
between the transducer reference frame and the MRU reference frame. Therefore, any uncer-
tainty values derived from the patch test angular biases are based on the same relationship.
As it is the angle between the MRU and the transducer that we are measuring, rather than
the absolute alignments of both the MRU and the transducer to a vessel reference frame, we
can assign this uncertainty to either the MRU alignment or the transducer alignment. CARIS
expects this value to be entered into the MRU alignment uncertainty field.

Note: All changes made to HVFs used to process OCS hydrographic survey data shall be
approved by the field unit's Chief-of-Party and completely described in the Descriptive Report.
Provided the TPE sensor values in the HVF do not require modification as noted above, TPE
computation for specific survey lines is completed by selecting a set of survey lines and choos-
ing the Compute TPE process in HIPS. Once the process has been selected, uncertainty values
that change on a survey-by-survey basis, such as tide and sound speed, are entered into the
Compute TPE dialog box.

Previously, tide and sound speed uncertainty values were entered into the CARIS HVF with
the horizontal and depth uncertainties. Recent CARIS HIPS versions require tide and sound
speed uncertainty values entered into a separate dialog box instead of being stored line-by-
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line. These values were separated out from the HVF on the principle that these values only
changed according to survey location. Recent research has shown, however, that there may
be multiple tide and sound speed uncertainties for a given survey. HSTP and the Center for
Coastal and Ocean Mapping Joint Hydrographic Center (CCOM-JHC) have projects underway to
come up with a procedure and tools to more consistently assess sound speed uncertainty in a
survey area. The current process, in the meantime, shall be to enter a sound speed uncertainty
value on a survey-wide basis (at BASE surface creation).

An example of the CARIS uncertainty estimate dialog box is given in Figure[4.9].

Compute TPE E|

Survey specific parameters

Tide values: Measured (0O m Zoning | 0 fii
Sound Speed values: Measured g mfs Surface| g rm)'s

[ ] 5weep specific parameters

Peak to Peak Heave:

m
Max Roll: deg
Max Pitch: deqg

Figure 4.9: HIPS TPE dialog window

Tide zoning uncertainty values for discrete zoning are based on error values provided by CO-
OPS in the tide requirements document provided on the project CD. These varying accuracies
and unquantified uncertainties of tide correctors resulting from discrete zoning could have a
potential impact on computing TPE The Tide Component Error Estimation, which is section
5.8.1.3 of the requirements document, provides a zoning error at the 95% confidence level.
All error values entered in CARIS are assumed to be 1 sigma, and thus the value provided by
CO-OPS should be divided by 2 to approximate the required 1 sigma error level. Tide zoning
uncertainty values for TCARI are still being developed and will be provided in the near future.

The sound speed component of total propagated uncertainty is a function of environmental
variability with respect to space and time and instrument/calibration uncertainty. Of the two,
environmental variability has the greatest influence. Sound speed has a complicated depen-
dence on salinity, temperature and pressure with the greatest change in acoustic propagation
speed occurring with the change in temperature between the surface and the lower limit of the
thermocline.

HSD has determined that the measured sound speed uncertainty may range from 0.5 to 4
m/s. This range depends on the spatial and temporal environmental variability and the fre-
guency at which sound speed casts are taken. Casts taken at a high frequency (i.e. every 15
minutes or less) will capture the spatial variability better and lower the uncertainty values. HSD
requires platforms to use the measured uncertainty values (i.e. TPE) for sound speed listed in
the CARIS HVF Uncertainty Values.pdf in the Appendix 4.

Field Units should note the 4 m/s uncertainty estimate (listed in the table from HTD-2 and
HTD-10) for traditional sound speed casts is a conservative estimated variability value deter-
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mined via Velocwin. Hydrographers can lower this uncertainty by increasing the number of
casts for a given areas. Thus, field units are strongly encouraged to utilize a high frequency
cast system (e.g., MVP) whenever possible and especially in highly variable areas.

Sound speed error estimation is the subject of continuing investigation at UNH CCOM/JHC,
and an algorithm to estimate this value more accurately using temporal and spatial separation
between the sound speed profiles and soundings is under development. An algorithm has been
developed by HSTP which allows field units to use observed data to estimate the sound speed
uncertainty for each project area. This algorithm was operationally tested in Fall 2007, and
HSD hopes to make this available to as many platforms as possible mid-season 2008. See the
Chapter 4 Appendices for the Sound Speed Uncertainty Estimator SOP. Field units which have
not been trained in the proper use of this software should use the uncertainty values listen
in the CARIS HVF Uncertainty Values.pdf in the Appendix 4 but are welcome to test out the
program. All MBES platforms can expect to use this algorithm by the 2009 field season.

The TPE values associated with surface sound speed have a smaller range and magnitude
than measured sound speed (0.2 m/s to 2 m/s) because sound speed is continually measured
at the transducer. The sound speed uncertainty, therefore, is dictated by the sound speed
gradient at the velocimeter’s sensor head.

If field units wish to deviate from the sound speed uncertainty values listed here, a review
of the variability in the surface sound speed will be necessary to estimate the sound speed
uncertainty for a given survey. If the field unit can prove through detailed documentation and
calculation that their calculated uncertainty is lower than those stated in the CARIS HVF Uncer-
tainty Values.pdf (see Appendix 4), then the lower value may be used. As with any deviation
from procedures specified in the HTD’s, FPM or the HSSD, methods for estimating uncertainty,
and justification for this deviation, should be clearly described in the Descriptive Report as well
as the Data Acquisition and Processing Report. The field should be aware, however, that if the
processing branches disagree with the method used, any corresponding surveys using these
uncertainty values may be returned to the vessel. Therefore, HSD strongly recommends that
field units communicate to the branch their proposed approach. If the branch feels the method
is adequate, a detailed description of the method, corresponding calculations and data will
need to be sent to HSD for verification (and dissemination to other field units if approved).

NOAA does not currently conduct sweep surveys, and the lower section of the TPE dialog
box is not utilized.

The TPE values for each sounding ( ¢V andsH , see propagated uncertainty equation in|4.1)
will be computed at the 95% confidence interval.

4.2.3.7 Filter

Depending upon data quality, the hydrographer may choose to filter a dataset during post-
processing. HIPS provides several filtering tools that can be used to automatically flag data
as rejected or accepted. Filtering methods commonly used for processing OCS hydrographic
survey data include TPE (see section[4.2.3.6), sonar quality flags, angle from nadir, and depth
threshold. The TPE filtering option can be used to expeditiously reject soundings with uncer-
tainty values that fall outside limits set for either an IHO order survey or some user-defined
parameter. However, the hydrographer should keep in mind that it is the grid node depth that
must meet survey specifications, not each individual sounding. Thus, the TPE filtering tool may
over clean data. MBES data can be filtered based on sonar quality flags and/or angle from
nadir. Although filtering by sonar quality flags is not recommended by OCS, filtering based on
angle from nadir may be useful when external conditions cause outer beams to degrade to the
point of being unusable. Both MBES and VBES data may be filtered based on depth thresh-
old. This method can be used to eliminate anomalous soundings resulting from double-echoes
or near-surface reflection such as propeller wash, entrained air, and marine life. Consult the
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CARIS HIPS and SIPS User’s Manual for more information on filtering methods.

4.2.3.8 Add to Coverage BASE Surface

A BASE surface model should be created to demonstrate data coverage in accordance with
section 5.1.2 of the HSSD. Each day, newly acquired data should be added to this surface for
a quick coverage assessment and planning of the next day’s surveying operations. The hy-
drographer is reminded that AWOIS radii that extend beyond the basic survey limits must be
entirely covered with 200% side scan, complete or object detection multibeam, or a combina-
tion thereof to be disproved by sonar data. These radii should be considered when evaluating
survey coverage.

Coverage requirements will vary based on the classification of MBES data assigned in the
Project Instructions. Three general classifications for NOAA hydrography are Complete Multi-
beam, Object Detection, and Set Line Spacing. Typically when a BASE Surface is created to
evaluate coverage, that day’s bathymetric data have not yet been analyzed using directed-
editing processes. Thus, the coverage BASE surface may need to be re-gridded periodically to
verify that subsequent editing did not affect data coverage.

When generating BASE surfaces, the amount of computer memory needed is a function of
grid size and resolution; thus, depending on the geographic extent and bathymetric complexity
of the survey data, more than one Field Sheet may need to be created.

4.2.3.8.1 Field Sheet and Grid Size Guidance Here is some practical guidance related
to the size of field sheets within CARIS HIPS and SIPS:

o maintain less than 25 million nodes per grid. This can be achieved by staying beneath the
following limits for physical grid size:

grid resolution (meters) || physical grid size (km?)

; 0.5 H 6.25 }
| 1 [ 25 |
| 2 [ 100 |

o minimize vacant grid nodes ('white space’)
o keep all grid file sizes between 300-500 Mb

o use 5 m grid for VBES data (we don’t gain any value with any higher resolution for VBES
data)

4.2.4 Boat-day Processing

“Boat-day Processing” as described in this chapter refers to that portion of hydrographic data
processing that is performed on a single vessel’s data that were acquired during a single day
of data acquisition. Prior to commencing Boat-day Processing, all of the Daily Batch Processing
tasks ( [4.3.3) should have been performed. For ships and launches, Boat-day Processing is
typically accomplished during a “night processing” shift. For field parties, this processing step
is often saved for foul weather days or is accomplished by a shore party member in charge of
daily data processing.

Boat-day Processing is based on the natural interpretive power of the human eye to evalu-
ate a BASE surface for anomalous bathymetry, directing attention to areas that require review
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and/or editing (i.e., “directed editing”) by an experienced hydrographer. Vertical exaggeration
is a very useful tool to accentuate bathymetric features and artifacts on a “sun-illuminated”
BASE surface. However, extreme depth scaling can make small features seem significant
and/or make acceptable multibeam data appear riddled with problems. Scaling sun-illuminated
depth layers by a multiplier of three to five is generally a good choice for initial data review.
If artifacts are perceived, the hydrographer can measure the vertical distance of the artifact
(peak-to-trough) and compare this distance to the allowable vertical error for the survey to
determine if the data is acceptable.

Note: In navigationally significant areas where no supporting imagery data exist (see |4.3),
special emphasis should be placed on the review and interpretation of bathymetry data and,
as needed, supporting sensor time series data.

In most cases, data anomalies can be easily evaluated and edited using HIPS Subset Editor
(see 4.2.4.3.1). However, complex areas may require additional line-by-line evaluation and
editing via HIPS Swath Editor (see}4.2.4.3.2).

For VBES data that will not be incorporated into a BASE surface for analyses, several pro-
cessing steps may be skipped. Once data are merged, the hydrographer should review attitude
and navigation time series data as described in sections[4.2.4.3.3|and [4.2.4.3.4], then use the
HIPS Single Beam Editor tool to review bathymetry data. Following this review, the most accu-
rate water level data available should be applied (see[4.2.5.1)), and then the VBES data can be
inserted directly into Pydro.

Note: Data flagging can not be performed in HIPS Single Beam Editor, thus all bathymetry
features from VBES data must be created and flagged in Pydro (see[4.4).

4.2.4.1 Create Boat-day BASE Surface

The first step in Boat-day processing is to create a CARIS BASE surface of the vessel’s daily
data using final gridded data specifications as defined in section 5.1.1.3 of the HSSD. Initially
the Boat-day BASE surface is used to direct the editing process (see[4.2.4.3)). Once editing and
the appropriate checks are complete the Boat-day BASE surface can be regridded and added
to a Survey-wide BASE surface that will, ultimately, be finalized and submitted.

Note: When generating BASE surfaces, the amount of computer memory needed is a func-
tion of grid size and resolution; thus, depending on the geographic extent and bathymetric
complexity of the survey data, more than one Field Sheet may need to be created. See4.2.3.8.1]

An option exists in the HIPS BASE surface creation process to add comments. These com-
ments are included in the metadata stored in an XML companion file with every BASE surface.
In addition to having metadata in a separate file, it is helpful to include some descriptive infor-
mation in the BASE surface file name. The following BASE file naming convention is an effective
way to keep track of Boat-day surfaces:

Registry Number Vessel Number_Day-of-Year Resolution_<Lettered Index>

For example, the names for two Boat-day BASE surfaces created at a 2 meter resolution
using RAINIER launch #4 data from day number 152 might look like:

“H12345 RA04_ 152 2m_a” and “H12345 RA04_152 2m b.”

An image color map must be selected for each BASE surface during the creation process.
A color map should be chosen to highlight the full range of features found within the BASE
surface. If the user does not like the color map chosen during BASE surface creation, the
palette can easily be changed later via the HIPS “Image Designer” (see next section).
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4.2.4.2 Review Boat-day BASE Surface

Once a Boat-day BASE surface has been created, it should be investigated for indications of
data problems (artifacts) and features. A bathymetric feature is any object that may be of
importance for nautical charting, such as a wreck, shoal, or other item that may need further
investigation. Typically, the depth and standard deviation BASE surface layers are most useful
for identifying data anomalies (see list of BASE attributes in[4.2.1.2).

The HIPS Image Designer can be used to assist the hydrographer with BASE surface re-
view. This tool allows the user to customize a BASE surface color map and adjust the azimuth
and elevation of simulated sun illumination. Varying these settings helps highlight artifacts
and features that may be hidden when viewed using only one set of display parameters. The
hydrographer should systematically inspect all BASE surfaces at least four times, moving the
azimuth of the virtual sun 90° each time while maintaining a moderate to low elevation. For
example, azimuth values of 045°, 135°, 225°, and 315° (northeast, southeast, southwest, and
northwest) with a fixed elevation of 45° is a common, and usually effective, series of settings.

Note: If plotting BASE surfaces, a sun elevation of 45° and azimuth of 315° generally
presents artifacts and features most accurately. A particular pixel-color can also be set as
transparent. Choosing a transparent pixel of “0” will make the otherwise white background of
the image transparent so that underlying data (charts, orthographic photographs, etc.) will be
revealed.

Problems that may be encountered in a MBES data set can generally be broken down into
the following seven categories: refraction, attitude, position, heading, sonar, environmental,
and tide. Each of these data problems is described below. For further guidance on which tools
should be used to edit various data problems, see[d.2.4.3]

4.2.4.2.1 Refraction Acousticrefraction-induced errors are caused when the speed of sound
through the water column is not adequately modeled over time or space. When viewing data
with refraction errors in the acrosstrack direction, the hydrographer will notice a “smiling” or
“frowning” characteristic as shown in Figure[4.10].

Figure 4.10: HIPS Subset Editor view (bottom) of acoustic refraction-induced bathymetry errors,
using BASE surface standard deviation image for reference.

Depending upon the cause of this artifact, it may indicate a need for additional sound speed
profiles each day or more profiles spatially over the survey area. Typically, the amount of
time required to obtain additional sound speed profiles is far less than that required to edit, or
otherwise “fix”, data afflicted with acoustic refraction artifacts.
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HIPS Refraction Editor, a tool in Swath Editor, may be used to assist with troubleshooting
refraction errors. Refraction Editor allows the user to enter a step sound speed correction at
a specified water depth. As sound speed corrections are entered, the effect is reflected in the
swath edit display by increasing or decreasing the curvature (smiling or frowning) of the swath.

Note: HIPS does not account for TPE (see section |4.2.3.6) introduced by using Refraction
Editor; thus, Refraction Editor is not approved for use in OCS hydrographic surveys and shall
not be used for deliverable products.

4.2.4.2.2 Attitude Vessel motion artifacts may arise due to a failing accelerometer within
the heave/pitch/roll sensor, a gap occurring in data transmission or recording, an inaccurate
patch test (e.g., conducted in insufficiently deep water for the given survey area), or unac-
counted latency within the data acquisition system. An example of a gap in the recorded
attitude time series is illustrated in Figure [4.11].

o
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Figure 4.11: BASE surface standard deviation layer (left) of a survey line with data gap in
attitude time series (right).

If a specific cause of vessel motion artifacts can be determined, it may be possible to repair
the data. For example, a new patch test could be run, or data could be reprocessed to account
for a known latency. In other cases, data may need to be either smoothed to minimize the
artifact or rejected entirely. If systematic errors are found in a vessel’s attitude data, the time
spent trouble shooting the source of the problem will typically far outweigh the time required
to continually edit data.

4.2.4.2.3 Position Gross horizontal positioning errors are uncommon when using mod-
ern surveying equipment. Inertially-aided GPS navigation equipment, such as the Applanix
POS/MV, uses Kalman filtering to constrain vessel speed, acceleration, and displacement, elim-
inating the majority of potential positioning errors. The most common cause of error in an
inertially-aided system is when the GPS portion of the position solution fails.

Note: Due to the horizontal position accuracies required for OCS hydrographic surveys, loss
of differential GPS corrections should also be considered GPS failure. The effects of temporarily
losing differential corrections are illustrated in Figure[4.12].
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Figure 4.12: HIPS Navigation Editor time-series showing positioning error caused by temporary
loss of differential corrections. This effect may also be caused by switching the frequency of
the differential beacon receiver.

During a GPS failure, inertial navigation systems can dead reckon for approximately 30
seconds before errors accumulate to a level that produces unacceptable positioning. The hard-
ware/software interface for an inertial navigation system should be configured to alert the user
of failure events so that data acquisition can be suspended if position data becomes unaccept-
able.

Positioning “problems” associated with horizontal uncertainty may be seen on areas of ex-
treme slopes. For example, if the horizontal accuracy is approximately 4 meters, the vertical
depth error on a slope of 60° would be almost 7 meters. Inconsistencies will be observed from
swath to swath in these areas due to the horizontal positioning error. Keep in mind that hori-
zontal uncertainty is factored into the BASE node uncertainty calculation, and may adequately
account for what appears to be positioning errors on steep slopes (see(4.2.1.1).

4.2.4.2.4 Heading Heading errors can be induced by a faulty sensor or an incorrect head-
ing alignment correction entered in the HVF. This problem can be easily identified as a break in
continuity of linear features from one swath to the next.

During data acquisition, heading values are sometimes included in datagrams from sensors
other than the primary navigation system. However, the accuracy of heading data will vary
depending upon its source. If heading errors are discovered, it may be possible to re-process
the data using heading information from another source. The field unit’s FOO or equivalent
should be notified if an alternate heading source (e.g., calculated course-over-ground) is used
to process survey data, as TPE (see section values in the HVF may require editing.

4.2.4.2.5 Sonar Sonar-induced data problems are typically caused by inappropriate set-
tings in the sonar system. These may include unoptimized power, gain, and threshold settings,
as well as improper range settings for the depth of water. Any of these circumstances could
prevent the sonar from accurately representing the sea floor. The best way to minimize sonar-
induced errors is by having a well-trained and attentive operator during data acquisition.

4.2.4.2.6 Environmental Environmental data problems are those caused by objects or dis-
turbances in the water column, such as marine life, vegetation, entrained air from passing ves-
sels, or weather-induced disturbances from heavy seas or rain. Figure [4.13|shows an example
of environmental noise which occurred near the transducer face.
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Figure 4.13: HIPS Swath Editor view (left) and BASE surface standard deviation layer view
(right) showing water column noise near transducer.

As with all data problems, environmental data issues are most effectively addressed during
the acquisition stage rather than during processing. Depending upon the severity of data prob-
lems, acquisition may need to be suspended until environmental conditions have improved.

4.2.4.2.7 Tide Tide errors can result from inaccuracies in any of the source data used in the
vertical datum transformation algorithm, such as inaccuracies in the water level observations,
tide zoning model, or navigation. This type of error is often identified by a measurable vertical
offset visible when data are viewed in the acrosstrack direction, as shown in Figure [4.14].

Figure 4.14: HIPS Subset Editor view of tide-induced bathymetry errors (bottom), using BASE
surface standard deviation image for reference (top).

If tide errors are identified, the hydrographer should ensure that the correct water level
data have been loaded for the suspect dataset. Keep in mind that predicted tide files do not
account for water level effects due to non-astronomical forces. Thus, what appears to be a data
problem may correct itself once observed water level data are applied. However, the varying
accuracies and unquantified uncertainty of tide correctors resulting from discrete zoning have
the potential to result in tide-induced bathymetry errors even when using actual tide gauge
data rather than predictions. If there are no other hydrographic sources of this error, this would
indicate that either the tide gauge locations are inadequate and/or the method of discrete tidal
zoning cannot account for the complex hydrodynamics of this survey area.
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4.2.4.3 Directed Editing from Boat-day BASE Surface

One or more of the HIPS data “editors” can be used to analyze data artifacts and features of
interest that are identified on the Boat-day BASE surface. With the exception of VBES data,
depth values cannot be directly edited or changed in HIPS; rather, soundings can be flagged
with various attributes, including “rejected” which will suppress a sounding from further pro-
cessing steps. Daily review and flagging of features is strongly recommended to maintain an
organized and complete survey. Supporting sensor data can also be flagged as being rejected,
either with or without interpolation.

Subset Editor is the most frequently used HIPS editing tool and allows the most flexibility in
addressing a problem that is concentrated in one geographic area. OCS recommends the use
of “Subset Tiles” with 10% overlap to track editing progress in Subset Editor. Once defined,
subset tiles may be flagged as either “Complete” (green), “Partially Complete” (yellow), or
“Incomplete” (red) to identify areas that have been investigated, need a second review, or
have not yet been edited, respectively.

In some cases, it may be beneficial to review individual sonar pings in a specific line of
survey data. This type of line-by-line editing can be performed in HIPS Swath Editor. If potential
problems in either attitude or position data are noticed, the Attitude Editor or Navigation Editor
tool can be used to review individual sensor time series data. Each of these four data editing
tools is described in greater detail below. Refer to the CARIS HIPS and SIPS User’s Manual for
further information on any of these tools.

4.2.4.3.1 Subset Editor Subset Editor enables the hydrographer to review and edit a “sub-
set” of the entire sounding dataset, and corresponding BASE surface data, by geographic area.
Subsets are rectangular in shape and will contain all soundings acquired within the geographic
boundaries of the subset. Subsets can be created in a north-south or a rotated orientation.
Rotating a subset can be useful to obtain a profile view when inspecting data along slopes or
dredged channels.

When using Subset Editor, the hydrographer should be aware of the data display settings,
particularly vertical exaggeration and whether rejected soundings are displayed. If vertical
exaggeration is set to “Auto,” then the display will rescale as soundings are edited. This feature
creates a potential for the user to become focused on very fine details in the seafloor and
essentially edit data to create a smooth bottom, which rarely exists. The hydrographer must
take care not to “over clean” data in this fashion. Displaying rejected soundings allows the user
to see data that has been previously rejected, typically by a filtering routine in Swath Editor or
editing by another hydrographer. Viewing rejected data is often valuable when investigating
the validity of a possible feature.

Individual soundings or groups of soundings may be selected and flagged in Subset Editor.
Available data flags and each flag’s purpose with respect to OCS hydrography are as follows:

o Reject - Flag anomalous soundings as “rejected” to suppress them from being included in
subsequent processing steps, such as in the calculation of BASE surface grids.

o Reject Swath - This flag sets the “rejected” flag for all soundings in a selected swath. Use
this function to reject a single ping or a continuous section of flawed sonar pings.

o Outstanding - This flag may be set for any data point that holds particular hydrographic
significance. Typically, if the identity, extent, or validity of a feature is uncertain, it should
be flagged as “outstanding.” NOAA Pydro software treats soundings flagged “outstanding”
in HIPS as bathymetry features. Pydro establishes a connection to the HDCS data for all
“outstanding” soundings and will automatically update the HDCS data for any subsequent
flag changes made in Pydro during feature processing (see[4.4).
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o Examined - This flag does not currently have a defined meaning for OCS hydrographic
survey data; however, it can be used by the surveyor as a means of marking a sounding
for future reference. This flag can also be used to separate a group of soundings for
non-standard data analyses.

o Designate - Applying the “Designate” flag to a sounding will force the BASE surface grid
node closest to that sounding to assume the exact depth value of the designated sound-
ing, ignoring all other soundings within the area of influence of this node. Pydro regards
soundings flagged “designated” in HIPS as “designated” bathymetry features in Pydro.
Pydro establishes a connection to the HDCS data for all “designated” soundings, and sub-
sequent flag changes or edits made to the bathymetry feature in Pydro will automatically
be reflected in the HDCS data.

o Find and Designhate - This tool will automatically flag the shoalest sounding in a user-
selected group as “designated.” If only one sounding is selected, Find and Designate is
equivalent to Designate.

4.2.4.3.2 Swath Editor Swath Editor enables the hydrographer to review and edit a single
swath of data from four orthogonal directions as well as from a three dimensional perspective.

Note: Data viewed in Swath Editor are not geo-referenced, but displayed with respect to
acrosstrack and alongtrack distances from the transducer.

Data problems that appear to be limited to the extent of a single line of data are often best
addressed using Swath Editor. As when using Subset Editor, individual soundings or groups of
soundings may be selected and flagged in Swath Editor. HIPS data flags and their purpose in

OCS hydrography are described in|4.2.4.3.1]
Note: “Outstanding” and “Examined” flags can not be applied using Swath Editor.

Swath Editor also allows the user to view amplitude (i.e., backscatter or side scan) data
from a multibeam echosounder. Amplitude data can provide valuable insight for determining if
a particular sounding or group of soundings is a real feature.

Note: Side scan data may also be viewed in CARIS SIPS Side Scan Editor. Backscatter can
not.

4.2.4.3.3 Attitude Editor Attitude Editor allows the hydrographer to review and edit head-
ing (gyro), heave, pitch, and roll data. Attitude Editor displays each sensor’s time series data
for a single survey line. HIPS provides three means of editing attitude data, rejecting (with or
without interpolation), filtering, and smoothing.

For data problems of limited extents in time, rejecting is generally the preferred editing
method. There are two options for rejecting attitude data: “Reject-with interpolation” and
“Reject-break interpolation.” Rejecting data with interpolation will fit a straight line from the
last good data point before the segment rejected to the first good data point after the segment
rejected. Caution should be exercised when using this tool. Rejecting and interpolating sections
of attitude data across the peaks of a signal will result in distorting the maximum observed
amplitude at that time, as illustrated in Figure [4.15].
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Figure 4.15: Interpolation across region ‘A’ will most likely create an artifact of its own, whereas
interpolation across region ‘B’ will not adversely impact the sounding data

Rejecting without interpolation should be used to edit attitude data corruption occurring
over an extended period of time. A general rule of thumb is to divide the allowable data gap
distance for the survey by the vessel speed in meters-per-second to determine when to begin
breaking interpolation. For example, if a 5 meter resolution grid is required to demonstrate
adequate data coverage and the vessel speed is 5 m/s (~10 knots), regions of bogus data
greater than or equal to 1 second (5 m = 5 m/s = 1 s) should be rejected without interpolation.
The Hydrographer should note that breaking interpolation will create a gap in the data. When
the files are merged, this option rejects all sounding data recorded during the time period in
which sensor data were rejected, thus leaving a holiday in data coverage.

For attitude data problems that are systematic throughout the time series, filtering or smooth-
ing is typically the best editing approach. The hydrographer is cautioned that filters are power-
ful tools and should be used sparingly and with great care. Attitude Editor provides two filtering
options: “Moving Average” and “Fast Fourier.” The Moving Average option calculates a mean
for each data point according to a user-specified number of neighboring data points (in time or
number) or “box size.” The Fast Fourier method performs low-pass filtering on the sensor data
according to a user specified signal period (in time or number-of-points).

4.2.4.3.4 Navigation Editor Navigation Editor allows the hydrographer to review and edit
the vessel’s navigation time series. The navigation time series can be edited in HIPS using
rejection with or without interpolation. When rejecting data, the Navigation Editor tool offers
two interpolation methods: Linear and Bezier. Linear interpolation is suitable if the majority
of navigation positions are clean and do not deviate significantly from neighboring positions.
Bezier interpolation is suitable if the original data is noisy. Linear interpolation simply calculates
new positions over the rejected segment by connecting bounding positions with a straight line.
Bezier interpolation calculates new positions over the rejected segment by fitting a Bezier curve
through bounding positions, producing a resultant curve that may not necessarily connect or
pass through all navigation positions on the line.

To help expedite data inspection, Navigation Editor provides “spike detection.” This tool will
search the navigation time series for user-defined “jumps” in speed and time. Each jump will
be highlighted so that the hydrographer can decide how best to edit the data. Large jumps
in speed, calculated as distance traveled divided by time between fixes, can detrimentally
affect the vessel’s dynamic draft computation. Data artifacts due to speed jumps will be more
pronounced if the slope of the vessel’s speed versus dynamic draft is steep. A general rule-of-
thumb is to interpolate speed jumps if they exceed the TPE (see section modeled for
vessel speed in the HVF, but this becomes less critical if a vessel’s speed versus dynamic draft
slope is small. Since speed and time jumps are directly related and speed is used to determine
dynamic draft, it is not necessary to separately edit time jumps.
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4.2.4.4 Update Survey-wide BASE Surface

Once directed editing has been completed, the Boat-day BASE surface should be recomputed
to verify that all edits were successful. If no further editing is necessary, the Survey-wide
BASE surface should be updated, using final gridding parameters, to reflect the current survey
status.

4.2.5 Survey-wide Processing

“Survey-wide Processing” includes many of the steps and skills discussed previously in this
chapter. The difference is the context in which these steps are accomplished. During Boat-
day processing, a single “boat-day’s” worth of bathymetric data is being viewed, edited, and
flagged for internal consistency, gross errors, and any features that warrant further investiga-
tion. During Survey-wide processing, survey bathymetry and imagery data are examined in
context with existing chart information and any additional supporting data available.

Many of the steps involved in processing hydrographic surveys are iterative and may be
conducted in parallel with each other. Efficiency can be increased by conducting many of the
Survey-wide processing steps concurrently with Boat-day processing for global quality control
and general survey completeness. These processes would include verifying adequate investi-
gation of charted features within the survey sheet limits, reviewing the data for DTONs, and
verifying that data coverage meets the assigned specifications. Reviewing these points on a
daily basis will help to ensure a complete survey and a timely submission.

4.2.5.1 Apply Water Levels

Preliminary water levels are 6-minute water level measurements that have undergone rudi-
mentary data consistency checks in the CO-OPS Data Processing and Analysis System (DPAS).
Any gaps in data coverage will remain in these preliminary data, and measurements may, or
may not, have been reduced to the local MLLW datum. Preliminary water levels should be
available within hours, if not minutes, of data acquisition. Verified water levels have gone
through CO-OPS’ processing, analysis and quality assurance processes, and any gaps in data
have been recovered or interpolated through a process which utilizes nearby gauge data. After
a preliminary or accepted datum has been computed, 6-minute verified water levels are made
available referenced to MLLW.

Note: Field units shall submit, via email, a Request for [Smooth] Tides to smooth.tides@noaa.gov
within 24-hours of completing data acquisition for a survey (see|5.2.3.3.4).

Once a Request for Tides is received, CO-OPS will review the survey tide requirements to
determine if adjustments or corrections are required. If CO-OPS needs to make any modifica-
tions, they will provide final water level correctors to the field unit. If no changes are required,
CO-OPS will provide the field unit with an official smooth tide note stating that preliminary
zoning, (and associated .zdf file) will be accepted as the final zoning; thus, verified water lev-
els applied using preliminary zoning will be equivalent to final water level correctors. CO-OPS
should respond to the field unit within two weeks of receiving a Request for Tides.

Verified 6-minute water levels and final water level correctors should be applied as soon as
these data are available. See|4.2.3.2|and |4.2.3.5|for details regarding the application of water
levels in HIPS.
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4.2.5.2 Assess Bathymetry Features

Throughout the survey process, bathymetric contacts should be periodically assessed and a
determination made as to whether “development” is necessary. Developing a bathymetric
contact typically refers to acquiring additional MBES data over the feature to increase sounding
density and determine, or verify, a least depth. However, other methods of obtaining a least
depth may be used, such as VBES or DLDG.

Bathymetric contacts are often easily identified and corresponding HDCS data can be flagged
during examination of the BASE surface depth or standard deviation layers. Soundings flagged
“examined”, “outstanding”, or “designated” can then be highlighted using the HIPS “Display
Critical Soundings” command. However, bathymetric features should also be assessed in Py-
dro, which enables the hydrographer to analyze each item in context with other available data
sources such as the chart, imagery data, DPs, and AWOIS records/search radii. (Refer to[4.4]for
additional details.) Within Pydro, the hydrographer can easily evaluate bathymetric features
to determine if any are DTONs. Comparisons should also be made between sounding data and
existing charted depths. If survey soundings indicate deeper water than the charted depth(s),
the charted depth should be treated as a feature and additional data acquired, as necessary,
to verify that the charted depth is incorrect. (This process is often referred to as a charted
sounding investigation.) Bathymetric features should be evaluated for significance and data
coverage and, if appropriate, flagged within Pydro for “investigation,” as detailed in[4.4]

4.2.5.3 Review Survey-wide BASE Layers

The final Survey-wide BASE surface to be submitted shall be created in accordance with section
5.1.1.3 and 5.1.2 of the HSSD. Prior to finalization, BASE layers should be reviewed to ensure
that the gridded surface truly reflects the conditions in the survey area, meets specifications
assigned in the Project Instructions and that all features have been adequately investigated.

4.2.6 Finalize Bathymetry Data

For survey submission, BASE surfaces must be finalized in HIPS. This process is explained in de-
tail in the CARIS HIPS and SIPS User’s Manual. Finalizing BASE surfaces serves three purposes:

o To apply Designated soundings: In some instances, due to the nature of the weighting al-
gorithm, a BASE surface does not accurately represent the least depth of a navigationally
significant feature (typically a fine item such as a tall, narrow coral head or a shipwreck’s
mast). In such cases, a sounding can be flagged as Designated to force the nearest BASE
surface grid node to honor the depth of the designated sounding. Refer to the follow-
ing subsection for guidance on selecting Designated soundings. Designated soundings
are applied to the BASE surface during the Finalize step in CARIS by checking the "Apply
designated soundings" option.

o To assign grid nodes a final uncertainty: A grid node’s final uncertainty can be assigned
as one of three options: 1) that node’s a priori uncertainty-weighted uncertainty, i.e.,
predicted error, 2) the grid node’s standard deviation scaled to a 95% confidence interval,
i.e., observed error, or 3) the greater of the two. For OCS hydrographic survey data, the
“greater of the two” option shall be used to maintain a conservative uncertainty estimate.

o Define depth thresholds: A single-resolution grid will generally not be appropriate for an
entire survey area. To maintain the optimal resolution for a given depth range, the finalize
process filters out a desired depth range for each different grid resolution created.
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4.2.6.1 Designate Bathy Features

Since the calculated depth at each grid node of a BASE surface is influenced by multiple sound-
ings, the least depth of a feature may not always be accurately represented in the gridded
data. Prior to creating a finalized BASE surface collection, the hydrographer must systemat-
ically review significant feature least depths to ensure they are accurately portrayed by the
BASE surface.

If a specific least depth sounding is preferred over the weighted mean-depth calculation
for the associated BASE surface grid node, that sounding should be flagged Designated. The
Designated flag can be applied in either HIPS or Pydro. If a sounding is made Designated
in one software package, this flag will automatically carry through to the other application.
Designated soundings shall be selected in accordance with section 5.1.1.3 and 5.1.2 of the
HSSD.

However, OCS recommends designating the least depth of every feature with special carto-
graphic significance for easy identification and tracking.

4.3 Imagery Processing

NOAA hydrographic field units typically acquire three types of imagery data: side scan sonar
(SSS), MBES backscatter, and MBES “side scan” which is available as an option on some sys-
tems. True side scan sonars produce superior imagery for object detection purposes and are
used to meet object detection requirements for OCS hydrographic surveys.

Note: Backscatter data and side scan imagery acquired in conjunction with MBES bathymetry,
is often processed as an aid for data analyses but is not approved by OCS for meeting hydro-
graphic survey object detection requirements.

The procedures outlined in this section are required only for SSS imagery being used to
meet OCS object detection criteria, and are not applicable to MBES imagery data unless noted
as pertaining to a specific MBES system or “backscatter” data.

4.3.1 Imagery Object Detection

Imagery data are acquired and processed with the purpose of detecting objects that may be
of navigational significance. This determination is typically based on contact type, position,
and height above the sea floor estimated from the item’s acoustic shadow on the SSS record.
Imagery data acquired for OCS hydrographic surveys are geographically referenced; thus, a
position can be determined for each contact identified. The accuracy of this position will vary
depending on whether the sonar was towed or hull-mounted, but either method should be
sufficient to locate the item for further investigation. If a contact is determined to be significant,
a “development” should be conducted to determine the item’s least depth and a more accurate
position for charting.
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4.3.2 Imagery Processing Flow Diagram
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Figure 4.16: Basic data processing flow chart for SSS data.

4.3.3 Daily Batch Processing

Several processing tasks need to be performed on “raw” imagery data (i.e., unaltered data in
the format generated by the acquisition software) before any detailed analysis and evaluation
can occur. Some of these daily tasks are interdependent, and the specific sequence is critical.
The recommended ordering of daily batch processing tasks is as follows:

1. Conversion [4.3.37]

2. Filter, if applicable[4.3.3.2]

3. Recompute Towfish Navigation
4. Slant Range Correction[4.3.3.4]

5. Add to Mosaic [4.3.3.5]

Most of the tasks above can be semi-automated in HIPS/SIPS using the “Batch Processor” tool.
Data format determines how specific processing actions need to be configured; as such, a
separate Batch Processing File (.hbp) is needed for each raw data format type.

In general, all of the aforementioned tasks should be completed for any type of imagery data
being used to meet OCS hydrographic survey specifications. A basic set of batch processing
files can be specified for each sonar type and reused on the appropriate set of survey lines
acquired each day. In some circumstances, either creation of custom batch processing files or
manual processing of one or more tasks, line-by-line, in non-batch mode may be necessary.
For example, conversion and filtering options may need to be customized to reflect changes in
sonar performance as weather conditions varied throughout a survey day.
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4.3.3.1 Conversion

CARIS SIPS supports many different data formats that may be used to record imagery. During
conversion, SIPS uses raw data to create files in CARIS’ proprietary format which will be used
in subsequent CARIS processing routines. These files in CARIS SIPS format are referred to as
“SIPS files” or “HDCS files.”

For towed SSS configurations, a calculated “towfish position” may have been recorded in the
raw data depending upon the acquisition software being used. This calculation requires cable
out and towfish depth (or water depth minus towfish altitude). If cable out and either towfish
depth or water depth and towfish altitude were logged during acquisition, towfish position can
be re-calculated during post-processing via SIPS Recompute Towfish Navigation (see |4.3.3.3).
Either method of positioning should be adequate for standard SSS operations. However if re-
computing towfish navigation, the hydrographer should first review and edit, if necessary, ca-
ble out and towfish depth. For hull-mounted configurations, sonar offsets should be accounted
for in the HVF as vessel RP-to-towpoint values.

Note: Recompute Towfish Navigation must be performed for vessel RP-to-towpoint to be
applied. For hull-mounted configurations (i.e., no cable out data recorded), towfish navigation
will be recomputed using a cable out value of zero.

If an error is discovered in the HVF during SSS post-processing, re-conversion may not be
required to correct the data. If unsure whether data repairs are necessary, the Survey Manager
should consult, through his/her chain-of-command, the Hydrographic Systems and Technology
Program for guidance.

The following sections contain guidance for converting common raw imagery data formats
used by OCS into HDCS files. Relevant background information is provided, followed by a table
of guidelines for specific Conversion Wizard settings related to each raw imagery format.

4.3.3.1.1 Elac (XSE) The SEABEAM 1050D and 1180 multibeam systems (Elac), used for
bathymetric data acquisition as discussed in[4.2.3.1.1] are also capable of recording backscat-
ter data. Elac backscatter imagery is generally poor in quality and is not an acceptable object
detection method for OCS hydrographic surveys. These backscatter data may be useful for
identifying changes in seafloor texture to guide bottom sampling operations.

] Option \ OCS Guidelines \
| Convert Side Scan | Choose this option and convert imagery data. |

Table 4.9: OCS guidelines for converting Elac data.

4.3.3.1.2 Sensor Data Format (SDF) Sensor Data Format (SDF) may be used to store
data from Klein System 3000 or Klein System 5000 side scan sonar systems. Conversion pa-
rameters will vary slightly depending upon the SSS system used to acquire the data. The SDF
data format is generated by Klein Associates’ proprietary software package SonarPro.

If data were acquired using a Klein 3000 dual frequency (100 kHz and 500 kHz) side scan
sonar, the user must choose which frequency to convert. Choose the “high” option to convert
500 kHz data and “low” to convert 100 kHz data. Typically, higher frequency data will provide
better imagery resolution, while lower frequencies travel further and can be used at larger
range scales.

If data were acquired using a Klein 5000 dynamically focused multibeam side scan sonar,
the user must choose whether or not to convert hidden beams. There are five beams on each
channel (port and starboard) of the Klein 5000. Based on range scale and towfish speed, the
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system will determine the number of beams necessary to achieve 100% coverage. Typical
range scales and speeds used for hydrographic surveying require that 3 - 4 beams be used.
Selecting “convert hidden” forces all 5 beams to be converted and may improve imagery in
high yaw-rate conditions (e.g., in turns or for hull-mount configurations) or aid in detection of
very small objects during activities such as search and recovery. However, for the purposes of
a basic OCS hydrographic survey, converting hidden beams is not necessary to meet survey
specifications and can introduce data management problems by significantly increasing file
sizes.

Towfish depth is used to calculate towfish navigation in SIPS. Both the Klein 3000 and 5000
systems are equipped with a pressure sensor installed in the towfish body to determine towfish
depth. Each towfish will have a pressure sensor rated for 100, 300, or 1000 psi, depending on
the anticipated operating depths. The hydrographer must know the pressure sensor rating for
the specific towfish used to acquire data.

Both the Klein System 3000 and System 5000 towfish are equipped with a magnetic-based
heading sensor. This sensor’s data are logged as SSGyro. Typically, a magnetic compass
does not indicate true headings and must be corrected for magnetic declination (variation) and
deviation to obtain a true heading. Electrical interference could also contribute to a loss of both
accuracy and precision of the SSGyro. Due to these inaccuracies, OCS does not recommend
using towfish heading sensor values (SSGyro) for processing survey data.

Various side scan sonar systems may record imagery at different resolutions. Both Klein
System 3000 and System 5000 imagery data are recorded at a resolution of 12 bits. When
converting SDF files, choosing an 8-bit conversion will reduce the data resolution. Even though
the recorded resolution is 12 bits, choosing the option to “Preserve 16-bit” will retain the origi-
nal resolution.

| Options | OCS Guidelines \
Klein 3000 Frequency High frequency data should
- High or Low be used unless range scale

requirements are such that
the higher frequency is

ineffective.

Convert Hidden Do not convert hidden
beams as a standard
practice.

Pressure Sensor Choose the pressure sensor

- 100, 300, or 1000 psi rating for the specific

towfish used to acquire data
being converted.

Convert SSGyro Do not convert SSGyro.
16-bit Sonar Conversion Choose to “Preserve 16-bit”
- Preserve 16-bit resolution.

- Convert to 8-bit: Scale or

Shift

Table 4.10: OCS guidelines for converting SDF data.

4.3.3.1.3 Simrad Kongsberg Simrad multibeam systems, such as the EM1002 or EM3000,
used for bathymetric data acquisition as discussed in are also capable of recording
backscatter data. Simrad backscatter imagery is not an acceptable object detection method
for OCS hydrographic surveys. However, these backscatter data may be useful for verifying
objects detected in bathymetry data or identifying changes in seafloor texture to guide bottom
sampling operations.
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Converting Simrad angle-dependent backscatter imagery into HDCS files is simple. When
converting the Simrad bathymetry data in HIPS, the user simply makes a choice whether or
not to “Convert Side Scan/Backscatter” data. No other choices are associated with imagery
conversion.

] Options \ OCS Guidelines \
| Convert Side Scan / Backscatter | Choose this option and convert imagery data. |

Table 4.11: OCS guidelines for converting Simrad data.

4.3.3.1.4 Extended Triton Format (XTF) The eXtended Triton Format (XTF) can be used
to store data from a variety of side scan systems. Both imagery and bathymetry data from
MBES systems can also be acquired in the XTF format, and the same CARIS XTF converter is
used for all three data types. (Conversion parameters related to bathymetry data are discussed
in[4.2.3.1.5]) XTF datagrams are comprised of a Triton-defined “header” attached to an optional
manufacturer-specific sensor data packet. XTF is a common data format within OCS, primarily
due to the widespread use of Triton Imaging’s IsisSonar data acquisition software.

NOAA hydrographic field units acquiring SSS data with a Klein 5000 dynamically focused
multibeam side scan sonar will typically log data in XTF format. Since the CARIS converter
accommodates an extensive variety of sonar systems capable of logging XTF data, the user
is required to make multiple decisions so that this raw sonar data is properly interpreted by
CARIS. Each critical conversion choice is discussed below, with OCS guidance summarized in
Table 20.

4.3.3.1.4.1 Convert Side Scan Some SSS systems, such as the Klein 3000, will si-
multaneously log data from multiple frequencies. During conversion, each frequency will be
associated with a pair of sonar channels and the user must indicate which channels are to be
processed. If the SSS operates on only one frequency, the data will always be associated with
sonar channels 1 and 2.

Navigation data can be recorded in two separate datafields (“ship” navigation and “sensor”
navigation) within the XTF side scan datagram. The primary difference between the “ship” and
“sensor” fields is how the data is time stamped. “Ship” navigation is associated with the time
logged in the XTF header, while each “sensor” navigation string is individually time stamped.
Applying “Sensor” navigation is recommended to avoid potential timing errors.

Heading (gyro) data can not only be logged in multiple datagrams within the XTF record, but
may also be recorded in multiple locations within the side scan datagram. While this sensor
data may appear redundant, sources and data quality can vary. Typically, NOAA hydrographic
field units will apply heading data stored in the “ship” field of the side scan datagram, which
will correspond to the vessel’s instantaneous heading. Heading data from the attitude packet
will also correspond to the vessel’s instantaneous heading, but the logging rate for attitude
data is often set much higher than the update rate for heading. Thus, using attitude packet
heading data will be effective but could be considered “overkill”. If vessel crab angle is large
and the SSS is being towed, the hydrographer should remember that a towed body will not
be experiencing the same crabbing effect. In this scenario, course-made-good (CMG) from
navigation often provides the best imagery. This option uses an interpolated heading value
based on recorded vessel position fixes. If acceptable towfish navigation was logged, “CMG
from SSSNavigation” should provide similar results. OCS does not recommend using heading
data from the “sensor” field. This data is logged from the towfish’s magnetic compass, which
is subject to both magnetic variation and electrical interference.

If data were acquired using a Klein 5000 dynamically focused multibeam side scan sonar,
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the user must choose whether or not to convert hidden beams. There are five beams on each
channel (port and starboard) of the Klein 5000. Based on range scale and towfish speed, the
system will determine the number of beams necessary to achieve 100% coverage. Typical
range scales and speeds used for hydrographic surveying require that 3 - 4 beams be used.
Selecting “convert hidden” forces all 5 beams to be converted and may improve imagery in
high yaw-rate conditions (e.qg., in turns or for hull-mount configurations) or aid in detection of
very small objects during activities such as search and recovery. However, for the purposes of
a basic OCS hydrographic survey, converting hidden beams is not necessary to meet survey
specifications and can introduce data management problems by significantly increasing file
sizes.

The option to “Apply Image Enhancement” will automatically scale the side scan intensity
values by a preset factor. This option could be considered a legacy item, as the user can now
customize the contrast of side scan imagery using scale bars within the histogram window in
Side Scan Editor. Applying Image Enhancement is unnecessary.

If the acquisition system was configured to log VBES data to an auxiliary (AUX) XTF datafield,
the user can covert this data by checking the “Convert single beam from AUX field number”
option and entering the field number used. Typically, this type of configuration should not be
used because only one VBES frequency can be converted and OCS recommends converting
and evaluating both high- and low-frequency VBES data, if possible.

Various side scan sonar systems may record imagery at different resolutions. Both Klein
System 3000 and System 5000 imagery data are recorded at a resolution of 12 bits. When
converting XTF files, choosing an 8-bit conversion will reduce the data resolution. Even though
the recorded resolution is 12 bits, choosing the option to “Preserve 16-bit” will retain the origi-
nal resolution.

4.3.3.1.4.2 Convert Layback/CableOut Data NOAA hydrographic field units typically
record cable out during towed SSS acquisition to facilitate recomputing navigation, if necessary.
The XTF format provides two datafields (“cableout” and “layback”) in which this information can
be stored. The primary difference in these fields is that “cableout” will only accept integers,
while a decimal number can be logged in the “layback” field. To preserve decimeter accuracy
for cable out values, the field unit may use one of the two following options:

o Configure the vessel’s cable counter to output values in decimeters and log an integer
value to the “cableout” field. However, SIPS assumes cable out data is in meters when
recomputing. During conversion, the user can enter a “multiplier” of 0.1 to the “cableout”
data that would reconvert the values to meters. For example, if acquiring SSS data with
10.6 meters of cable out, a cable counter integer output of 106 (decimeters) would be
stored in the XTF “cableout” field. When converting the data in SIPS, the “cableout” value
would be multiplied by 0.1 to recreate a value of 10.6 that SIPS assumes is in meters.

o Configure the acquisition system to log cable out, in meters and decimal meters, to the
XTF “layback” field. In this scenario, the user must remember to convert data from the
“layback” field, even though the data are actually values for cable out. SIPS will assume
data from either datafield is cable out if towfish sensor depths are non-zero. (Similarly,
if no towfish depths are converted, SIPS will interpret this as a zero sensor depth and
assume data from either datafield are layback values.)

To determine towfish depth, both the Klein 3000 and Klein 5000 SSS systems calculate a value
from an integrated pressure sensor. The Klein SSS device driver templates used with IsisSonar
data acquisition software will automatically configure logging of towfish depth calculated from
this pressure sensor data. If the hydrographer intends to use cable out to recompute navigation
for a SSS system that does not have a pressure sensor, the towfish depth will need to be
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calculated based on water depth logged to an AUX field and towfish altitude. Typically, NOAA
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hydrographic field units will not need to calculate a sensor depth in this fashion.

| Options

| OCS Guidelines

Convert Side Scan
- Sonar channels (1,2 or 3,4)

For single frequency systems, convert
channels 1 and 2. When using multiple
frequency systems, the user must
determine which channel pair corresponds
to the frequency they wish to convert.

- Navigation Datafield (ship or sensor)

Use navigation data stored in the “sensor”
datafield to avoid potential timing
problems.

- Gyro Datafield (ship, sensor, attitude
packet, CMG from navigation, CMG from
[sss] navigation)

Typically, use heading data from the “ship”
datafield. If vessel crab angle is large, CMG
may provide better imagery. Do not apply

heading from the “sensor” datafield.

Do not convert hidden beams as a
standard practice.

Do not apply image enhancement as a
standard practice.

Logging VBES data to an AUX field is not
recommended. Thus, this option is not
checked as a standard practice.

Choose to “Preserve 16-bit” resolution.

- Convert Hidden Data

- Apply image enhancement

- Convert single beam from AUX field num

- 16 bit sonar conversion (preserve 16 bit,
convert to 8 bit (scale or shift))

Convert Layback/CableOut data

- From layback field

- From cableout field (multiplier)

Convert cable out data from either field,
depending upon the acquisition system
configuration. If converting from the
Cableout field, apply a multiplier to
preserve decimeter accuracy.

This option is necessary only if
recomputing navigation for a system that
does not have a pressure sensor.

- Calculate sensor depth using AUX field

Table 4.12: OCS guidelines for converting XTF data.

4.3.3.2 Filter

SIPS does not provide filtering tools to automatically flag/reject “bad” imagery data. However,
as when processing bathymetry, filtering can be performed on attitude and navigation data.
Refer to [4.2.4.3.3| and |4.2.4.3.4] for details on Attitude Editor and Navigation Editor. Time-
series data for gyro (heading), cable out, and sensor depth, as well as bottom tracking must
be reviewed line-by-line and edited as necessary. If the SSS system is configured to calculate
sensor depth based on sensor height and an auxiliary VBES depth, these sensors will also need
to be reviewed.

4.3.3.3 Recompute Towfish Navigation

OCS typically uses one of two side scan sonar configurations, a towed sonar body or a hull-
mounted sonar body. Regardless of system configuration, the hydrographer has the option of
either computing the sensor position during data acquisition or recomputing towfish navigation
during SIPS processing. If a towfish position is computed during acquisition and stored in the
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raw data format, this information can be converted directly into the SIPS towfish navigation
data structure. If, in addition to ship navigation, either cable out and towfish depth or horizontal
layback is recorded, the side scan sensor position can be calculated in SIPS via Recompute
Towfish Navigation. OCS strongly recommends recomputing towfish navigation using cable out
and towfish depth to determine towed sensor position. This process enables the hydrographer
to review and edit, if necessary, the ship position data, cable counter data, and towfish depth
or bottom tracking (if used to determine towfish depth) prior to calculating a towfish position.

Note: If horizontal layback or tow cable length data are not available or if the Recompute
Towfish Navigation step is not executed, then the towfish navigation data recorded during ac-
quisition will be used to georeference imagery. If, additionally, towfish navigation was not
recorded during data acquisition, then the side scan sensor position data are assumed to be
the same as the ship navigation data.

When using a hull-mounted configuration, navigation data for the sensor is typically deter-
mined by using ship navigation data and entering the vessel RP-to-towfish offset in the towpoint
section of the HVF. However, SIPS will only apply the towpoint offset when navigation is recom-
puted. For this type of configuration, Recompute Towfish Navigation must be performed with a
cable out value of zero.

Note: If no cable out data was converted, SIPS will assume cable out to be zero.

4.3.3.4 Slant Range Correction

Side scan sonar is initially logged as a series of time-indexed intensity values for each ping,
i.e., the acrosstrack axis represents time. These data are considered “raw” side scan and are
displayed with the central portion of the image representing the water column and a digital
line along either the port or starboard leading edge indicating the logged bottom track. Some
sonar systems will track bottom very accurately, while others require that these data be edited
or redigitized. Any errors in bottom track should be edited prior to slant range correcting, as
these data determine sonar height during the slant range correction process.

When data are slant range corrected, an estimate of the speed of sound through sea water
is applied to the two-way travel time for each intensity value. This produces an estimated
ray length that, when combined with the known sonar height (from the digitized or logged
bottom), is used to produce the acrosstrack distance to a pixel using simple trigonometry.
Slant range corrected data are displayed with the water column removed and the acrosstrack
scale representing distance from nadir. It should be noted that this method presupposes that
the bottom is flat across the ping and can result in the acrosstrack misplacement of objects
over varied or steeply sloping terrain. If available, SIPS can use a BASE Surface, grid, or tile
in the slant range correction operation to supply depth values and improve the acrosstrack
positioning of pixels. This process is explained in detail in the CARIS HIPS and SIPS User’s
Manual.

During the process of slant range correction, the resolution value will default to the minimum
value appropriate for the sonar system. If this resolution is not feasible, it will default to 0.10
meters. Resolution may be manually increased, but keep in mind that increased resolution
means a larger file size. The hydrographer will be required to make some arbitrary decisions
regarding beam pattern correction and despeckling. The “Beam Pattern” function attempts to
equalize the differences in pixel intensity from nadir to the outer ranges of the sonar swath.
The “Despeckle” function detects isolated bright spots and streaks in the raw sonar file and
smoothes them by averaging the neighboring pixels. Applying these options will produce a
more attractive mosaic when creating constituent products, and should not hide small contacts
during data processing. If SSS data were converted using the “Preserve 16-bit” option, the user
can choose to “Create 8-Bit Processed Side Scan” to generate a slant range file requiring less
storage space, if necessary. When slant-range correcting 16-bit data to create 8-bit side scan,
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a shift factor should be applied to spread out the histogram and improve imagery. The user can
apply either the 16-bit shift factor stored with each line or a single bit shift factor to be applied
to all lines. Generally, the bit shift factor stored with each line is a good choice.

4.3.3.5 Add to Mosaic

A survey-wide side scan mosaic should be created and maintained during Daily Batch Pro-
cessing to evaluate data coverage, identify any gross systematic errors, and plan future data
acquisition.

Note: If a 200% side scan survey is being conducted, a separate mosaic should be created
to demonstrate coverage for each hundred percent.

In addition to planning future SSS acquisition, the first 100% mosaic can be used to delineate
areas of high contact density where complete MBES coverage is more appropriate than 200%
SSS. The hydrographer is reminded that AWOIS radii that extend beyond the basic survey limits
must be entirely covered with 200% side scan, complete or object detection multibeam, or a
combination thereof to be disproved by sonar data. These radii should be considered when
evaluating survey coverage.

When creating a mosaic, the hydrographer will be prompted for several pieces of informa-
tion. In accordance with section 6.2.1 of the HSSD, resolution shall be 1m by 1m or less. Maxi-
mum acrosstrack and altitude ratios can be used to systematically remove areas of poor quality
data from the mosaic, such as when outer edges are affected by thermocline. Note: These fea-
tures will not actually reject the imagery data, but they will remove portions indicated for all
lines in the mosaic.

Options such as interpolation and shine-thru may be used at the hydrographer’s discretion.
These features may enhance the overall mosaic and can be desirable for creating constituent
products.

4.3.4 Boat-day Processing

Boat-day Processing” as described in this chapter refers to that portion of the hydrographic
data processing that is performed on a single vessel’s data that were acquired during a single
day of data acquisition. It is assumed that all the processes described in of this chapter
have already been performed. For ships and launches, this portion of the processing is typically
accomplished during the “night processing” shift. For field parties, this processing step may be
either saved for foul weather days or accomplished by a shore party member in charge of their
unit’s daily data processing.

The goal of imagery Boat-day Processing is to identify contacts that warrant further investi-
gation and record these contacts in the digital data. This process is completed using SIPS Side
Scan Editor.

4.3.4.1 Side Scan Editor

Imagery data should be reviewed twice using CARIS SIPS Side Scan Editor. The initial review
process is referred to as “scanning” the data. The second review is performed by a different
person and is called “check scanning.” The initial reviewer should identify any object that war-
rants further investigation, often referred to as a “significant contact”, and record these items
into the digital data. The second review serves as a quality control, and should add any sig-
nificant contacts that were overlooked during the initial check. SIPS provides several tools to



CHAPTER 4. DATA PROCESSING AND ANALYSIS 164

assist in determining if a contact is significant. Two of the most frequently used are “Measure
Shadow” and “Measure Distance.”

“Measure Shadow” can be used to determine the height of an object by measuring its acous-
tic shadow and calculating the object’s approximate elevation off the seafloor. This tool can
only be used when viewing data in slant range corrected mode. “Measure Distance” is used to
measure the distance between two points. This tool is helpful in determining the overall size
of contacts, which may determine significance. For example, a very large item, even if it does
not protrude significantly from the seafloor, may be listed in the AWOIS database and should
therefore be investigated. The Measure Distance tool can be used when viewing both “raw”
(i.e., not slant range corrected) and slant range corrected data.

All significant contacts should be recorded in the digital data by creating a contact in SIPS.
(Refer to the CARIS HIPS and SIPS Users Guide for detailed information on how to create a
contact.) The general OCS practice for determining significance of an imagery contact is stated
in the HSSD.

The hydrographer must always consider the location of a contact when determining signif-
icance. For example, in a major channel where vessels transit with minimal underkeel clear-
ance, a contact less than one meter high could be significant.

When a contact is recorded in SIPS, the item is geo-coded and attributes are attached to it
in the Side Scan Editor. Each contact should be attributed as thoroughly as possible. A contact
file is created for each survey line and is stored in the line folder within the Project directory
structure.

4.3.5 Survey-wide Processing

“Survey-wide Processing” for imagery data consists of evaluating total coverage and assessing
side scan contacts in NOAA's Pydro software to determine which items warrant further inves-
tigation or development, and attributing each contact accordingly in Pydro. Efficiency can be
increased by conducting many of the survey-wide processing steps concurrently with Boat-
day processing for global quality control and general survey completeness. These processes
would include verifying adequate investigation of charted features and assigned AWOIS items
within (or partially within) the survey sheet limits, reviewing the data for Dangers to Navigation
(DTONSs), and verifying that data coverage meets the assigned specifications. Reviewing these
points on a daily basis will help to ensure a complete survey and a timely submission.

4.3.5.1 Reveiw Survey-wide Mosaic

Survey-wide mosaics are typically reviewed during Boat-day processing to assess coverage and
insure that no significant data gaps, referred to as “holidays,” are present in the imagery. Once
100% side scan coverage has been attained and demonstrated via the survey-wide mosaic,
this “final mosaic” should be saved as a CARIS Fieldsheet and exported as a GeoTiff in UTM
NAD 83 format. Both the Fieldsheet and GeoTiff image should be digitally filed for submission
with the completed survey data. If the survey requires 200% side scan coverage, a separate
final mosaic should be created for each hundred percent.

4.3.5.2 Assess Imagery Features

Throughout the survey process, imagery contacts should be periodically assessed and a de-
termination made as to whether “development” is necessary. Developing an imagery contact
typically refers to investigating the item with MBES to determine a least depth. However, other
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methods of obtaining a least depth may be used, such as VBES or DLDG. Some types of side
scan sonar systems are able to acquire co-located imagery and bathymetry data. However,
these systems are a developing technology, and SSS bathymetry has not yet been approved
for OCS hydrographic surveys.

Imagery contacts should be assessed in Pydro, which enables the hydrographer to analyze
each contact in context with other available data sources such as correlating contacts, the
chart, bathymetry, DPs, and AWOIS records/search radii. Contacts should be evaluated and, if
confirmed to be significant, flagged for “investigation” within Pydro. This flag enables the user
to export that item to Maplinfo MIF/MID and HYPACK TGT formats to plan for further investigation
or development. (Once a contact has been exported, its Pydro record will indicate this via the
“Tgt Exported” flag.) If correlating contacts or features exist, the image which best represents
the contact should be flagged “Primary”, and all correlating contacts, AWOIS items, or charted
features should be flagged “Secondary”.

Note: Any significant contact suspected to be a Danger to Navigation, as described in[4.4.4]
shall be expedited through the investigation/development process and a DTON report submit-
ted, if necessary.

Contacts which, upon further analysis, are determined not to be significant should be flagged
“Resolved” and a note added to the Remarks tab of the Editor’'s Notebook stating that the item
is considered insignificant. Any contact which was erroneously inserted into the survey data,
and can not be efficiently removed, should be flagged “Rejected” and an explanation entered
in the Remarks tab. For additional information on analyzing and flagging contacts in Pydro,
refer to[4.4l

The determination whether or not to develop an item from imagery data is considered a
preliminary assessment of contacts. Once this decision has been made, significant contacts
are considered imagery “features” and should be further processed as described in [4.4] This
preliminary contact evaluation should not be confused with finalization of imagery data, where
the goal is to verify that all contacts have been addressed and flagged either “resolved” or
“rejected.”

4.3.5.3 Finalize Imagery Survey Data

Once all significant contacts have been developed, analyzed, and flagged in accordance with
the hydrographer should verify that no “Unresolved” imagery features remain in the Py-
dro PSS and a final mosaic, created in accordance with section 8.3.1 of the HSSD, has been
generated and digitally filed for each 100% SSS data acquired.

4.4 Feature Processing and Analysis

In OCS surveys, a feature is an object that merits individual attention distinct from the bathy-
metric model of the sea floor.

In a general sense, the bathymetric model of the sea floor will be represented on the chart
using soundings and contoured depth areas. Everything else: buoys, rocks, wrecks, piles,
docks, etc. are features. During the acquisition of a hydrographic survey, the hydrographer
will encounter many objects that may merit individual attention and treatment.

In some cases, this object will be of significant navigational interest and will eventually be
portrayed as a distinct cartographic symbol on a chart. An example of this type of feature is
a prominent wreck. Once discovered, the wreck will likely require further investigation. This
may involve high resolution multibeam, side scan sonar, or diver investigation. This additional
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information is collected together and used to fully describe and categorize the wreck. Once
processed, this information is passed to the Atlantic and Pacific Hydrographic branches and
cartographers using formatted reports and digital data files. These data will aid the cartogra-
pher in correctly charting the feature.

In other cases, further investigation may indicate that the feature is not navigationally sig-
nificant, and should not be charted as a distinct cartographic symbol. An example of this type
of feature might be an object detected with side scan sonar that subsequent multibeam cov-
erage found to be not of navigational concern (a patch of gravel perhaps). This feature would
still be handled through the same methods as the wreck described above. This process serves
as a record that the hydrographer properly inspected and handled all indications of an item of
potential navigational significance.

In some other cases, the hydrographer may wish to call out an object for individual carto-
graphic treatment even if the depth of the object is well represented in the bathymetric data
set. For example, a large glacial erratic boulder on an otherwise flat and featureless sandy
bottom may be of particular navigational significance, especially if there is a bottom trawl fish-
ing fleet in the area. This object may be selected by the hydrographer and recommended for
charting as an isolated feature rather than simply through soundings and contours.

We can see from these examples that the feature processing pipeline is used to: (1) gather
together information on features that may eventually be added to the chart, (2) aid in assessing
the feature’s navigational significance, and (3) provide a mechanism for reporting this feature
analysis to the Atlantic and Pacific Hydorgraphic branches.

Five basic sources of feature information must be analyzed and resolved when process-
ing an OCS hydrographic survey: Bathymetry, side scan imagery, detached positions (DPs),
AWOIS items, and geographic positions (GPs). The ability to resolve a feature depends heav-
ily on viewing data in its full context. GIS (Geographic Information System) software can be
used to spatially correlate a set of features both within the contemporary survey data and from
other (prior) data sources, enabling the hydrographer to quickly identify redundant data on a
single “real world” feature. Correlating information allows the hydrographer to confidently de-
termine a feature’s significance with respect to marine safety and nautical charting. The most
important features that can be identified in a survey are those that pose a danger to navigation
(DTON). Data should be reviewed daily to identify items that are DTONSs, as described in[4.4.4]
DTON processing shall be expedited to the greatest extent possible.

Non-DTON features should be evaluated and classified periodically as the survey progresses
toward completion. Ultimately, all features should be evaluated, classified, developed (if nec-
essary), and resolved.

NOAA hydrographic field units shall primarily use NOAA's Pydro software package or CARIS
Notebook to analyze, organize, and document survey features. The capabilities of Pydro are
described in further detail in[4.4.2] The capabilities of CARIS Notebook are described in further
detail in[4.4.3]

4.4.1 Data Post-Processing
4.4.1.1 GPS Data Post-Processing

As described in high accuracy GPS positioning frequently requires that the data acquired
be post processed to apply all available corrections. This must be accomplished before the
resulting feature positions are imported into the feature management environment for attribu-
tion and analysis. Most NOAA GPS post processing is accomplished by one of the following two
methods.
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4.4.1.1.1 OPUS GPS Processing The National Geodetic Survey’s Online User Positioning
Service (OPUS) is the most commonly used tool for post-processing dual frequency GPS data
for positions requiring sub-meter accuracy. OPUS allows the surveyor to submit GPS data files
in receiver-independent exchange (RINEX) format to NGS via the internet. The data are post-
processed, using NGS’s PAGES software, with respect to three Continuously Operating Refer-
ence Stations (CORS).. OPUS will try to select the three sites nearest to the user’s location but
will expand the search based on data availability and quality. Positions computed by OPUS are
usually emailed to the user within a few minutes. Currently, OPUS can only process one posi-
tion at a time, so multiple sessions must be submitted individually. A good solution will have an
overall root mean square (RMS) value below 0.03m, using 90% of the observations, with over
50% of the ambiguities fixed.

Precise- ephemeris yield only marginally better results, and only for stations far from CORS.
If time is an issue, rapid orbits are fine.

Additional information and specific instructions for OPUS processing are included in the CO-
OPS Users Guide for GPS Observations (Appendix 3) and on the OPUS web pagehttp://geodesy.
noaa.gov/0PUS/|

4.4.1.1.2 Trimble Pathfinder Office Trimble Pathfinder Office includes a Differential Cor-
rection Utility which is used by many field units equipped with the Trimble ProXRS backpack
GPS receiver. This utility makes use of the carrier phase data logged by the ProXRS and the
NGS CORS network to produce positions of meter-level accuracy or better. Additional infor-
mation and specific instructions for the Differential Correction Utility can be found in GPS Post
Processing Methods document included in Appendix 4.

4.4.1.2 Target File Processing

. Several types of survey data, such as shoreline features, manually measured depths, and
bottom samples, are positioned using target files. These files can not be read directly into
CARIS; thus, Pydro has been developed to handle the bulk of target file processing. A HYPACK
target file can be easily inserted into Pydro via Data > Insert > HYPACK DPs. Pydro’s Data
> Insert > Trimble/Pathfinder Database GPs+DPs imports a Microsoft Access database (.mdb)
according to a specific, S-57 based Pathfinder data dictionary format developed in conjunction
with NOAA Ship Fairweather. Separate tables are used in this Pathfinder database for separate
S-57 object classes and geometry. For example, “OBSTRN_P”, “OBSTRN_L”, and “OBSTRN_A"
tables may be present in a given database file for point-, line-, and area-geometry obstructions
acquired in the field. And both GPs and DPs may be present in a given table; the “Tide -
DP/GP” field is used by Pydro to segregate those observational types. Other “generic” target
files can be read into Pydro via Data > Insert > Generic GPs/DPs, wherein users may configure
a template for importing other data sources on a routine basis. Once inserted into Pydro the
DP observational data can be edited, and the various attributes present in Pydro are added.
Pydro automatically writes or “converts” (in the same sense of the term used by CARIS HIPS)
DP datasets to CARIS HDCS data during data save operations. See[4.4.2|for more information.

Once a target file is written to the HDCS data, it can be opened in CARIS to continue process-
ing DPs which correspond to depths. In CARIS, a tide file and, if necessary (i.e., for echosounder
determined depths) a sound speed profile can be applied to DP data. The DPs must then be
merged as per standard HIPS processing to create processed depths. If any subsequent edits
to DP position or depth values are performed in Pydro and saved, the standard CARIS HIPS
“outdated” status is active and data will need to be re-SV Corrected and re-merged in HIPS.


http://geodesy.noaa.gov/OPUS/
http://geodesy.noaa.gov/OPUS/
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4.4.2 NOAA Pydro Software

NOAA's Pydro software package is used to bring the various source data for potential features,
(side scan Sonar contacts, designated soundings, detached positions etc.) together in a geo-
referenced interface. In most cases, Pydro maintains links to the source data which results in
certain flags and edits applied in Pydro being automatically written into the source dataset, as
noted in[4.4.6] Similarly, some types of editing performed in the raw data processing program
(i.e., CARIS HIPS/SIPS) will be automatically carried through to Pydro.

Note: Some edits performed in CARIS, such as rejecting/accepting sounding data or imagery
contacts, will require that the source data be re-inserted into Pydro.

Pydro has the ability to read several data types, including the following:

o Side scan imagery contacts created in CARIS SIPS.

o Bathymetry features in CARIS HIPS; i.e., soundings flagged "outstanding” and/or “desig-
nated”.

o Bathymetry soundings in CARIS HIPS; shoal-biased binned line-by-line.

o Gridded bathymetry data created in CARIS HIPS; BASE surfaces (.hns) or weighted grids
(.def/.sum/.weight) files.

o Target files from HYPACK (.tgt), Trimble Pathfinder (.mdb, etc.), and other generic data
sources.

o The AWOIS database, in MS Access format.
o ENC (.000 files).

o Other “generic” geographic position data in many database formats, such as ESRI Shape-
files (.shp), MaplInfo Interchange Files (MIF/MID), MS Excel, dBase (.dbf), ASCII, etc.

o ENC S-57 base cells (.000) rendered according to S-52 and various raster formats for back-
ground data, including GeoTIFF (.tif), MrSID (.sdf), and NOAA/BSB raster nautical charts
(.kap)

Once these data are imported into Pydro for a specific survey, the combined data package is
referred to as a Pydro Survey Session (PSS).

Note: The Pydro PSS is not to be confused with the historical “preliminary smooth sheet”,
which was a plotted presentation of survey data formerly required for submission.

Within the PSS, items can be marked with digital notes, various flags, and attributes to
aid in decision making and reporting. ltems are automatically correlated according to a user-
specified radius or can be manually re-correlated and grouped to form sets of observations that
represent the same physical item. The best data for reporting a feature, e.g., the most accurate
least depth observation from the available bathymetry and/or most descriptive picture from
the available imagery, is designated via a defined flagging schema. Pydro also includes a
number of automated reporting functions, such as reports for DTONs, charted features, new
features, and AWOIS, as well as Requests for Tides. By generating these reports directly from
the digital data, error prone “cut and paste” actions can be avoided and report formats are
easily standardized. In general, standardizing feature processing and maintaining a digital
record of all field observations and recommendations for features helps maintain quality control
throughout the hydrographic data pipeline.
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4.4.3 CARIS Notebook Software

CARIS Notebook is used to bring together various data types, including features, images and
bathymetry into a georeferenced user interface. CARIS Notebook is very effective at managing
line and area features such as reefs, foul areas, piers etc, and is NOAA's primary software for
managing features in surveys that contain shoreline verification.

Notebook has the ability to read several data types, including the following:

o ENCs, or other S-57 databases (.hob, .000)

[¢]

Raster displays: (.kap, .tif)

[¢]

Vector files (.shp, .dxf, .des)
Gridded CARIS Surfaces (.hns, .hcs)
Pydro XML files

o CARIS Mosaics

o CARIS Contours

o CARIS Sounding Plots

[¢]

[e]

Once these data are imported into Notebook for a specific survey, they are saved into a Note-
book session, which can be opened as a cohesive unit.

Within each Notebook Session, there can be numerous types of information to assist in
processing and analyzing potential features. Charts, georeferenced images, CARIS HIPS and
SIPS generated data products etc. assist in feature analysis while the features themselves are
housed in non-standard 000 files called HOB files. Each feature within a HOB file is fully S-57
attributed with specially created (non S-52 compliant) data entry fields for the hydrographer to
enter remarks and recommendations. The hydrographer also has the ability to insert marker
tags to provide additional information about a feature or area of a survey. S-57 attributed fea-
tures processed and analyzed in Pydro can be inserted directly into CARIS Notebook. Features
and their associated markers are submitted in three well defined HOB files: Original Composite
Source HOB, Final Features HOB, and Disprovals HOB. Additional information on these files is
documented in[4.4.10l

4.4.4 Dangers to Navigation (DToNs)

The most important features to identify in a survey are Dangers to Navigation (DTON). A DTON
is defined as any uncharted or incorrectly charted natural feature (e.g., shoal, boulder, reef,
rock outcropping) or cultural feature (e.g., wreck, obstruction, pile, wellhead) that poses an
immediate threat to surface navigation. General chart discrepancies can be addressed at the
conclusion of a survey, but items that meet DTON criteria should be reported as soon as prac-
ticable after discovery.

The primary characteristic of a DTON is navigational significance. When reviewing survey
data for potential DTONs, the hydrographer must consider the types of vessels operating in the
area as well as vessel routes, both typical and seasonal. Much of the final selection of DTONs is
subjective and requires a bit of cartographic interpretation as well as a navigational perspec-
tive of the chart. Examination of newly acquired survey data for potential DTONs should be
performed on a daily basis.

The following guidelines can be used to identify potential DTONs; however, each item should
be further evaluated for significance within that specific geographical area.
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4.4.4.1 Water Depth

Historically, selection of DTONs has been concentrated in areas with water depths of 20 meters
or less. While this remains a good rule of thumb, this depth range should be evaluated in the
context of vessel traffic and typical routes through the area. For example, features in water
deeper than 20 meters may be DTONs along routes for supertankers.

4.4.4.2 Potential DTON Height

Typically, survey features and soundings indicating a depth discrepancy of 1 meter or greater
are first evaluated for DTON potential. Again, this guideline should not be followed blindly.
Vessel traffic must be considered. If vessels transit the area with minimal underkeel clearance,
a discrepancy of only 1/3 meter could be critical; or, if a deep inland bay or harbor is accessible
only by shoaler restricted channels, a large feature within the deep water area may not be
a hazard since only small vessels could access the area. Figure illustrates a potential
DTON located within a channel. If the channel’s tabulated depth is listed as 40 feet for the
right outside quarter, then this charting discrepancy would only be 1 foot. Typically, a 1-foot
discrepancy would not be considered a DTON. However, the hydrographer must consider what
type of vessels transit the area and how much water they draw. This channel might be the
entrance to a major port facility where vessels drawing 40 feet arrive on the rising tide. In such
a case, this 1-foot difference is critical, particularly if the item is a rock or cultural feature as
opposed to a sandy shoal.

Figure[4.18|shows a small bay with depth discrepancies of 2 fathoms (12 feet). Although this
depth difference is significant, the bay is accessible only by passing through a 5 or 6 fathom
channel. Thus, the 7 fathom sounding inside the bay is insignificant, i.e., not a DTON. Similarly,
a very large object identified in a river accessible only by small craft may not be a DTON. Figure
[4.19]shows a potential DTON located in a deep section of a small river. The object in question
protrudes over 10 meters from the seafloor. However, this river happens to be accessible only
by small craft, due to a shoal at its mouth. Despite this large depth discrepancy, the item is
navigationally insignificant when the hydrographer considers the draft of vessels capable of
operating in the area.
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Figure 4.17: Potential DToN located in a channel.
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Figure 4.18: Potential DToN in a small bay with restricted access.
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Figure 4.19: Potential DToN located in a deep section of a small river.

4.4.4.3 Proximity to Existing Features

Many new or uncharted features are potential DTONs. The hydrographer must consider each
new item’s proximity to existing features (rocks, reefs, fish havens, shoreline, foul areas, etc.)
and the item'’s significance with respect to these adjacent features. Figure illustrates a
case where an existing feature (Fish Haven with an authorized minimum of 15 feet) affects the
significance of a potential DTON. In this example, an item intended for the fish haven may have
been erroneously deposited outside the haven’s geographical bounds, a very realistic scenario.
Despite the discrepancy with regard to the charted 43 foot depth, the adjacent Fish Haven to
the south/southwest and shoal to the east would deter prudent mariners from approaching the
area. Likewise, a large depth discrepancy adjacent to a reef or foul area would quite possibly
not be a DTON, again, as a prudent mariner would operate in the area only with extreme
caution.
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Figure 4.20: Potential DToN adjacent to a charted fish haven.

4.4.4.4 Dense Groups of DToNs

The density of DTONs reported should not exceed what can be legibly portrayed on the largest
scale chart of the area. If numerous DTON candidates are identified in close proximity, the
hydrographer could report either the most significant item or the group of DTONs as an area
feature, e.qg., designate the entire area “foul.” When determining the most significant DTON
in a group, the item having the shoalest least depth will typically be chosen. However, this
may not be the case if, for example, the item is located on a slope. Typically, if two potential
DTON are adjacent on a slope, the most seaward sounding will be selected for submission. The
prudent mariner will assume that depths will decrease as shore is approached. An example of
this exception is shown in[4.21]. The 2 fathom sounding is shoaler, but the 4 fathom sounding
extends further offshore. In this case, the 4 fathom sounding would be submitted. Although
both soundings would supersede the 5% fathom charted depth, it can be reasonably inferred
that there is a continuous slope toward shore, therefore depths shoaler than 4 fathoms would
be expected.
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Figure 4.21: Two potential DToNs located in close proximity on a slope.

4.4.4.5 Charted Feature Removal Request

A Charted Feature Removal Request, often referred to as an “anti-DTON,” is used to expe-
ditiously remove charted features that are hindering operations in major shipping corridors
and have been adequately disproved. Only navigationally critical items should be submitted
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as Charted Feature Removal Requests. These requests should be submitted using the same
procedure indicated for DTONSs in this manual. The hydrographer should include any Charted
Feature Removal Requests with the Danger to Navigation reports in Appendix | of the Descrip-
tive Report for the applicable survey.

4.4.4.6 DToN Submission (see section 8.1.2 of HSSD)

Typically, DTON selections should be reviewed by the Chief-of-Party prior to submission. If ap-
proved, DTONs must be flagged properly in Pydro (see|4.4.6.1.3), which can then generate a
DTON report. Note: All Pydro PSS Metadata should be completed prior to generating a DTON
report so that this information will be included in the report. The Pydro DTON report is gen-
erated in a Zip archive which contains an Adobe *.pdf text report, an *.xml file containing the
survey data for that feature, and a DTONImages folder containing all the relevant chartlets
(always included) and report images (user selectable). The Zip archive should be submitted
to NOAA's Marine Chart Division (MCD) via email (ocs.ndb@noaa.gov), with courtesy copies to
the Chief of OPS and to the Chief of the appropriate hydrographic branch.

For the DTON report, field units may use either Pydro or HydroMI to generate a charlet. If
the charlet is generated externally to Pydro, users must add those charlets to the *.pdf report
manually. Note: The Pydro report includes a zip file of the *.pdf so field units must make sure
the report to MCD is updated before submittal if the HydroMI chartlet is going to be used.

Additional actions, as noted below, are required when reporting DTONSs in the following two
cases.

1. If the potential DTON will directly impact commercial shipping routes and/or is located
within an area of Army Corps of Engineers’ authority, the appropriate NOAA Navigation
Manager shall be consulted prior to submitting the DTON.

2. If a DTON report includes a potentially historically-significant wreck, the field unit shall
provide a courtesy copy of the report sections pertaining to that specific feature to the
corresponding NOAA Navigation Manager and State Historic Preservation Officer. If a po-
tentially historically-significant wreck is identified outside of state waters, notify the cur-
rent Sanctuaries Historical/Archaeological contact.

Once submitted, all DTONs will be expedited through MCD to the Coast Guard for publication
in the Local Notice to Mariners. Within three days of DTON report submission, MCD’s Nautical
Data Branch (NDB) will send an email to the field unit confirming that DTON data has been
received and processed. If a DTON submission is not confirmed by NDB within one week, the
hydrographer should promptly contact MCD (via an inquiry email to ocs.ndb@noaa.gov) to
verify that the report has been received and processed.

4.4.5 Cultural or Historical Submerged Features

In the course of acquiring or processing hydrographic data, features on the seafloor may be
discovered which are of potential cultural or historical significance. These include wrecks of
ships or aircraft, the recognizable debris from wrecks, or other items which may appear an-
thropogenic in origin and have some associated cultural or historical significance.

Chiefs-of-Party must always promptly assess the discovery of any features for significance to
local surface navigation and report these accordingly. Any feature determined to be a Danger
to Navigation shall be immediately reported through the standard DTON reporting process (see

Section [4.4.4).
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It is Marine Chart Division (MCD) policy that all features recommended for charting by the
Chief-of-Party be applied to the appropriate nautical charts. Chiefs-of-Party must continue to
recommend for charting all features determined to be significant to surface navigation, as well
as features determined to be significant or hazardous to other marine chart users engaged in
activities such as fishing or trawling. This includes features which may have potential cultural
or historical significance. This policy is unchanged and in accordance with the MCD Nautical
Charting Manual.

All features which appear to be of cultural or historical significance, and appear anthro-
pogenic in origin, do require special consideration during the hydrographic surveying process.
Data and information from these features must always be protected and may only be released
in accordance with OCS policies and procedures. Unless specified by the Project Instructions
(or other written instructions from OCS):

1. Do not attempt to determine the cultural or historic significance of any features. And,
do not expend any operational effort toward identification beyond what is necessary for
assessment as a Danger to Navigation.

2. Do not speculate about a known or newly discovered feature’s potential cultural or histor-
ical significance, either publicly or in writing.

3. Do not identify by name or otherwise associate with a name, any cultural or historical
feature in the Descriptive Report (DR) or any part of the survey’s data.

4. DO include an image, SSS or bathymetry, of the feature in the Pydro feature report for
recognition by a historian or preservation official.

OCS, as a unit of a federal agency, has responsibilities under Section 106 of the National His-
toric Preservation Act (NHPA, 16 U.S.C. 470 et seq.) to take into account the effects of its
undertakings on historic properties. The process for federal agencies in complying with the
NHPA is laid out in 36 C.F.R. Part 800, which prescribes consultation with the State Historic
Preservation Officer (SHPO).

1. OCS will consult with the NOAA National Marine Sanctuaries Program (NMSP) Marine His-
torian where hydrographic projects are located within Federal waters, including National
Marine Sanctuary boundaries.

2. OCS will also consult with the appropriate SHPO where hydrographic projects are located
in state waters.

OCS consultations for hydrographic projects provide information about planned survey activi-
ties, and about survey outcomes. A pre- or post-survey consult will allow NMSP or a SHPO at
least 30 days to respond.

In general, NOAA field units are not required to submit any data to NMSP or a SHPO. All
consultations will be conducted by OCS.

4.4.5.1 Pre-survey Consult

A pre-survey consult will be initiated during the project planning process by OCS HSD Oper-
ations Branch (or NSD Navigation Response Branch). Any responses or special handling that
may be required of a NOAA field unit will be provided in the Project Instructions.

A pre-survey consult with NMSP or a SHPO may be anticipated to result in one of three
general outcomes:
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1. No Response - HSD Operations branch will note this and the project instructions will not
require any special data handling.

2. Informational response - Information about known or reported features of cultural or
historical significance may be received by OCS following the pre-survey consult period.
An informational response means information from NMSP or a SHPO received by OCS is
provided without any restriction for public release. This information will be included with
the Project Instructions. The project instructions will not require any special data handling.

3. Actionable response - Specific information received following the NMSP or SHPO pre-
survey consult period may prevent the public release of all or part of the survey data or
products. The specific information received following a pre-survey consult period will be
evaluated by OCS HSD Operations Branch, and clear instructions for data handling will be
provided.

4.4.5.2 Post-survey Consult

A post-survey consult will be initiated by HSD’s Atlantic Hydrographic Branch (AHB) or Pacific
Hydrographic Branch (PHB). Immediately upon receiving a data submission, AHB or PHB will
provide a copy of survey’s composite Descriptive Report (DR) that includes the written DR,
the feature report, and the Danger to Navigation report to the NMSP and/or SHPO specified in
the Project Instructions, and request a direct response within 30 days.AHB or PHB will provide
courtesy copies of the DR Transmittal Letter to:

1. Chief, HSD or NSD
2. Chief, HSD Operations Branch or NSD Navigation Response Branch

3. Regional Navigation Manager (as assigned in the Project Instructions)

The composite DR may be transmitted by e-mail or on letterhead, with a message in the fol-
lowing form:

The National Oceanic and Atmospheric Administration’s Office of Coast Survey (OCS) pre-
viously contacted you regarding hydrographic surveys in [location] on or about [dates]. A
Descriptive Report for one of those surveys is attached for your information. Please provide
any comments regarding this survey within 30 days with reference to survey [insert registry
number] to [insert name] Chief, [Atlantic or Pacific] Hydrographic Branch [insert telephone,
e-mail, and mailing address]. If we have not received a response in 30 days, we will assume
that the survey data may be made publicly available.

A post-survey consult with NMSP or a SHPO may be anticipated to result in one of three
general outcomes:

1. No Response - All survey data and products will be made publically available through
NGDC following an affirmative Survey Acceptance and Review (SAR) by the either the
Atlantic or Pacific Hydrographic Branch.

2. Informational response - An informational response means information from NMSP or
a SHPO received by OCS is provided without any restriction for public release. If received
following a post-survey consult, this information will be inserted into the survey’s DR as
supplemental correspondence. All survey data and products will be made publically avail-
able through NGDC following an affirmative SAR by the assigned OCS HSD Hydrographic
Branch.
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3. Actionable response - Specific information received following a post-survey consult will
be evaluated by the assigned OCS HSD Hydrographic Branch. This evaluation may result
in all or some of the survey data and products to be not made publically available through
NGDC following an affirmative Survey Acceptance and Review (SAR) by the assigned OCS
HSD Hydrographic Branch.

The policies and procedures described in this section should never cause a delay in the com-
pletion of a hydrographic survey and the immediate notification of potential Dangers to Navi-
gation. Any questions regarding cultural or historical submerged features should be promptly
directed to the Chief, HSD Operations Branch.

4.4.6 Pydro Feature Classification

Source data that correlates with features in a NOAA hydrographic survey are typically classified
in one of the following five categories in Pydro:

o Items from Bathymetry — Sounding data (MBES or VBES) which has been identified as a
measurement of a least depth on a feature in CARIS HIPS or Pydro. "Designated” sound-
ings can also be selected to force the gridded surface to honor the true depth of the
seafloor.

o Items from Imagery — A potentially significant feature which has been identified in SSS
data, chosen as a contact in CARIS SIPS during post-processing, and to be evaluated for
further investigation and/or development.

o Detached Positions (DP) — Detached positions are used to position point features such
as shoreline items, bottom sample locations, DLDG depth determinations, and lead line
or pole soundings. DPs are subdivided into echosounder and non-echosounder types.
Echosounder DPs are used for data with a corresponding depth determined by VBES,
MBES, or another system which is referenced to a point other than the water’s surface
and require the application of vessel offsets. Non-echosounder DPs are used to provide
positions for data either with no associated depth information or referenced to the water’s
surface, such as DLDG determined depths and heights of shoreline features.

o AWOIS Items - AWOIS items represent features which have been previously reported or
surveyed and are generally included on the current chart. Specific AWOIS items within, or
partially within, each survey area will be assigned for investigation.

o Geographic Positions (GP) — Geographic positions refer to point data used for various pur-
poses and not otherwise classified. These points are typically uploaded from a portable
GPS system, manually digitized in Pydro, or created by inserting "generic” data into Pydro.
Two sub-types of GPs exist in Pydro: “Chart GPs” and “Checkpoints”. The principal use of
Chart GPs in Pydro is to indicate those survey items which represent new observations on
existing charted features, or otherwise disprovals thereof (see and subsections,
including [4.4.6.1.20). Checkpoints provide for a way to steer some comparison of survey
data at discrete locations.. As each feature is evaluated in Pydro, standard classifica-
tion flags should be set. A Pydro data flagging decision tree is provided in Figure
to assist the hydrographer with this process. The basic process involves systematically
reviewing survey data for features, by segregating correlating groups of items into a best-
representative “Primary” item + supporting “Secondary” item(s). This decision process
involves examining survey items in context with all supporting data available: any previ-
ously known items (AWOIS and other currently-charted features) and bathymetry (current
survey, prior survey, charted soundings, etc.). Note: An item from bathymetry repre-

senting the least depth of a navigationally significant real-world feature should always be
marked Primary.
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Figure 4.22: Pydro data flagging decision tree.

For all the correlating items that represent the same feature as the Primary item, set the
status flag to Secondary. If an item has been automatically correlated to a Primary item, but
does not appear to be the same feature, assign it as Primary. That is, use the Primary item
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status to segregate features. If your survey makes use of side scan sonar, this means you
will often encounter disparate features through items from imagery before having supporting
item(s) from bathymetry. Go ahead and set the status flag to Primary for such items, knowing
that if they prove to be navigationally significant, a bathy item will take precedence as the
Primary item when available. If there are items that represent a common feature that have
not been automatically correlated by distance, use Pydro’s Group Features tool to manually
associate those items. Certain subsequent flagging actions to be made towards a feature need
only be carried out on the Primary item because they are propagated through to the flags of
all Secondary items, as noted in[4.4.6.1] Each feature should be reviewed to determine if it is
significant based on either the NOAA contact height criteria set forth in[4.4.4] of this manual or
some other criteria determined by the field unit. Other criteria include, but are not limited to,
proximity to a maintained channel, predominant ship/boat traffic in the area, proximity to other
significant features etc. If so, check the “Significant” flag. If the feature requires additional data
acquisition to be resolved, also check the “Investigate” flag. The purpose of the Investigate flag
is to remind the field hydrographer that more information, possibly involving additional data
acquisition, is necessary to adequately resolve the least depth or nature of a feature. All items
marked “Investigate” may be exported to both Maplnfo Interchange Format files (MIF/MID) and
Hypack Target files (.tgt) to facilitate additional data acquisition; the “Tgt Exported” flag is set
upon item export. Add any additional information not otherwise explicit in the Primary item’s
digital data to the Remarks tab in the Editor’s Notebook. If the feature is not Significant and
does not require further investigation, check the “Resolved” flag and state why it has been
Resolved without further investigation in the Remarks tab. An example of such a case would
be if the contact represents a charted buoy block.

When significant features have been adequately investigated, the hydrographer should thor-
oughly attribute each item according to the S-57 standard and evaluate whether it should be
included on the H-cell and charted. If the hydrographer believes a feature should be charted,
the Chart flag should be checked and, if known, the specific cartographic action that is re-
quired should be selected: “Chart-Add”, “Chart-Modify”, or “Chart-Delete” (“Chart-?" for un-
known cartographic action) . Any specific charting recommendations not otherwise explicit in
the digital data itself can be included under the “Recommendations” tab in the Editor Note-
book (i.e., do not cut-and-paste survey position, least depth, etc. into the descriptive text).
Charting recommendations are not necessary for every feature, but may be used to further
clarify complex items, as discussed in[4.4.6.2] If a feature needs to be explicitly discussed in
the Descriptive Report (e.q., it requires the addition and/or removal of a cartographic symbol,
not simply updating charted depths) the “Report” flag should also be checked. The “Report”
flag indicates that Pydro should include the item in a “For Descriptive Report” feature report
to be submitted as Appendix Il of the Descriptive Report. This is a process that often warrants
the input and judgement of an experienced hydrographer. If in doubt, please ask the advice of
the Field Operations Officer, NRT Team Lead, Commanding Officer or senior Processing Branch
Personnel.

4.4.6.1 Standardized Flag Definitions

4.4.6.1.1 Pending, Primary or Secondary In Pydro, “status” is used to associate PSS
items that correlate to a given real world feature, or lack thereof in the case of disproving
the existence of a charted feature. Status defaults to Pending for all items inserted or other-
wise created in Pydro. Relative status levels can be assigned for sets of spatially correlated or
grouped items. One PSS item identifying a given real world feature should be assigned Primary
status and the remainder of the items associated with this feature should be assigned Sec-
ondary status. Since all significant imagery features should be investigated using bathymetric
methods, the final Primary item should be either based on bathymetry data or a DP, unless the
item is insignificant or significance could not otherwise be determined before the termination
of data acquisition. No Pending items shall remain in the Pydro PSS file for a completed survey
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submitted to AHB or PHB.

4.4.6.1.2 Chart This flag designates items regarded by the hydrographer as representing
a real feature and warrants inclusion on the H-cell and subsequent nautical charting products.
If applied to a Primary feature, the Chart flag will automatically be applied to all correlating
Secondary features.

4.4.6.1.3 DToN This flag designates items regarded by the hydrographer as representing
a real feature that poses a danger to navigation; items can be marked as DToN only if they are
first flagged Chart. If applied to a Primary feature, the DToN flag will automatically be applied
to all correlating Secondary features.

4.4.6.1.4 Submitted This flag denotes that items flagged as Primary+Chart+DToN have
been exported from Pydro to a DTON report for submission to MCD. Once marked Submitted,
these items will not be re-exported during creation of subsequent DTON reports unless the
“Submitted” flag is manually cleared prior to generating the report.

4.4.6.1.5 Report This flag designates items to be included in the Pydro-generated “For
Descriptive Report” feature report. This feature report shall be submitted as Appendix Il of the
Descriptive Report.

4.4.6.1.6 Resolved This flagindicates that field examination and analysis have been com-
pleted for an item. If applied to a Primary feature, the Resolved flag will automatically be
applied to all correlating Secondary features. The Pydro PSS for a completed survey to be
submitted to AHB or PHB shall not contain any Unresolved items.

4.4.6.1.7 Office QC This flag denotes that AHB/PHB examination and verification have
been completed for an item. The Pydro PSS for a completed survey to be submitted to HSD or
otherwise archived shall not contain any Primary items that are not flagged Office QC. This is a
Processing Branch tool only.

4.4.6.1.8 Rejected This flag identifies any item that the hydrographer does not want in-
cluded in the survey. Any pertinent information explaining why the feature has been rejected
should be included under the Remarks tab of the Editor’s Notebook.

Rejecting an imagery feature in Pydro will flag the corresponding SIPS contact as rejected,
but will not delete the contact. Rejecting a bathymetry feature in Pydro will clear the Outstand-
ing flag in HIPS, but will not reject the corresponding sounding data.

4.4.6.1.9 Significant This flagis used to identify features which meet the NOAA significant
contact height criteria set forth in the HSSD (see section 5.1.2 and 6.2.1), or some other priority
condition determined by the field unit, and warrant further investigation and/or development.
If applied to a Primary feature, the Significant flag will automatically be applied to all correlating
Secondary features.



CHAPTER 4. DATA PROCESSING AND ANALYSIS 180

4.4.6.1.10 Investigate This flag enables the direct export of specific items to Mapinfo
MIF/MID and HYPACK TGT format for planning further investigation or development. This flag is
a field management tool only and should not be checked in a submitted survey.

4.4.6.1.11 Tgt Exported This flag denotes that an item was flagged Investigate and
has been exported to Mapinfo MIF/MID and HYPACK TGT format, typically for some subsequent
investigation procedure. This flag will be set automatically when “Export Investigation Iltems”
function in Pydro is performed. Once marked Tgt Exported, these items will not be re-exported
unless the Tgt Exported flag is manually cleared prior to performing the export.

4.4.6.1.12 In Bathy This flag is used to force a feature’s least depth to be explicitly
included in the PSS database of shoal-biased binned line (PVDL) data for plotting in Pydro,
Maplinfo (via Hydro_MI’s “Draw PSS” function), or otherwise exported from Pydro. A sounding
must first be classified as a bathymetric feature to be designated In Bathy. Once flagged In
Bathy, that depth will take priority over other PVDL bathymetry data and other feature depths
in the PSS during over-plot removal.

4.4.6.1.13 Designated This flag is used to force a feature’s least depth to be explic-
itly included in the two PSS bathymetry databases (as applicable) for display/analysis in Pydro
(both over-plot removed Depths and ZSurfaces), plotting in Maplnfo (via Hydro_MI’s “Draw Py-
dro Data” Post Survey tool), or otherwise exported from Pydro: (i) HIPS BASE/Weighted Grid
data and (ii) shoal-biased binned line (PVDL) data. During bathymetry layer over-plot removal
(aka “excessing”) in Pydro, feature depths may suppress other (deeper) feature depths; how-
ever, non-feature depths do not suppress feature depths, regardless of magnitude (i.e., all
feature depths are regarded as being shoaler than all other depth nodes in the grid). In CARIS,
the Designated flag should be used when a single least depth measurement is preferred over
the weighted-mean depth calculation for BASE surface grid nodes. Designated soundings of-
ten equate to navigational significance and, hence, the desire for a symbolized feature to be
rendered on the chart—and why HIPS Designhated soundings are read into Pydro as candidate
features (items from bathymetry). However, this is not always the case. For example, if the
area of least depth has been adequately surveyed, yet contains a small number of soundings,
the Designated flag should be used. Also, if a feature’s least depth was determined by DLDG,
the Designated flagging mechanism must be used to accurately represent the (single) mea-
surement in the BASE surface. Designated soundings are applied to the BASE surface during
the Finalize step in CARIS by checking the "Apply designated soundings" option.

4.4.6.1.14 Outstanding Literally flagging a sounding Outstanding can only be accom-
plished in HIPS, but this action correlates to creating a bathymetry feature in Pydro. In other
words, a sounding flagged Outstanding in the HDCS data will automatically be a bathymetry
feature in the PSS. Likewise, creating a bathymetry feature in Pydro will write an Outstanding
flag back to that sounding in the HDCS data.

4.4.6.1.15 Keyword Users can expand the set of flags used for items in a PSS by
making Keyword assignments to features under the Keyword tab in the Editor's Notebook.
A Keyword can be any arbitrary length string. Once a new Keyword is added to the PSS, it is
available to assign to other features. Standard Keyword values pre-defined in Pydro include
“DR_Charted” and “DR_UnCharted,” as described in[4.4.9.1]

The following subsections describe the most common flagging combinations for survey
items, grouped by data acquisition type: items from bathymetry (HIPS processed depths flagged
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Outstanding and/or Designated), imagery (SIPS contacts), DPs, AWOIS, and other geographical
positions (GPs). Note that emphasis is given on Primary-flagged items, rather than including a
multitude of possibilities for Secondary items. Flagging scenarios for Secondary features are
included only when needed to further explain the related Primary item.

4.4.6.1.16 Items from Bathymetry

4.4.6.1.16.1 Primary, Resolved This flag combination indicates any bathymetry
feature that is not addressed in the DR (note the absence of the Report flag). Any secondary
items to this Primary should add further credence to the decision not to include this item in the
DR; other information and reasoning should be detailed in the item’s Remarks tab. This item
may consist of a bathymetric feature later determined to be insignificant. This flag combina-
tion should be used for all designated soundings that were selected to force the uncertainty
surface to honor the true sea floor—but not otherwise elevated to the level of desire for an
explicit feature symbology on the chart.

4.4.6.1.16.2 Primary, Chart, Resolved Thisflag combination indicates any bathymetry
feature that is included as an explicit feature on the PSS, but not specifically addressed in the
DR (note the absence of the Report flag). This flag combination is uncommon, but sometimes
used when depicting complex shoreline with a series of DPs. Further information and reasoning
should be detailed in the item’s Remarks tab. This item may or may not be associated with a
Secondary imagery item, DP, GP, or AWOIS item.

4.4.6.1.16.3 Primary, Chart, Report, Resolved This flag combination indicates
any bathymetry feature that is included as an explicit feature on the PSS and is specifically ad-
dressed in the DR. Further information and reasoning should be detailed in the item’s Remarks
tab. This item may or may not be associated with a Secondary imagery item, DP, GP, or AWOIS
item.

4.4.6.1.16.4 Primary, Chart, DToN, Report, Submitted, Resolved This flag
combination indicates any bathymetry feature that is included as an explicit feature on the
PSS, is specifically addressed in the DR, and has been submitted to MCD as a DTON. Further
information and reasoning should be detailed in the item’s Remarks tab. This item may or may
not be associated with a Secondary imagery item, DP, GP, or AWOIS item.

4.4.6.1.17 Items from Imagery

4.4.6.1.17.1 Primary, Resolved This flag combination indicates any insignificant
contact that was not developed (otherwise imagery item should be Secondary to a bathymetry-
based feature). Further information and reasoning should be detailed in the item’s Remarks
tab. This flag combination often indicates a contact that, after further evaluation, was deter-
mined to be insignificant.

4.4.6.1.17.2 Primary, Tgt Exported, Resolved This flag combination denotes a
contact that was exported, presumably for subsequent investigation, and found to be insignifi-
cant (otherwise imagery item would be Secondary to a bathymetry-based item). The item is not
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addressed in DR. Further information and reasoning should be detailed in the item’s Remarks
tab.

4.4.6.1.17.3 Primary, Chart, Report, Resolved This flag combination indicates
any imagery item that was determined to be a significant contact, but was not investigated.
The item is addressed in the DR. Further information and reasoning should be detailed in the
item’s Remarks tab. Imagery items should typically not be flagged Primary+Chart since they
do not provide an accurate depth for charting. Except in extenuating circumstances, signifi-
cant items from imagery should always be Secondary to a (Primary) bathymetry-based item.
An example of when this flagging scenario could be used is when the field unit acquired SSS
imagery, but left the area before a significant contact could be developed with bathymetry or
diver investigation. This scenario is not common, but is sometimes unavoidable.

4.4.6.1.18 Detached Positions (DPs)

4.4.6.1.18.1 Primary, Rejected, Resolved This flag combination indicates any de-
tached positions that the hydrographer does not want to be part of the survey. Further infor-
mation and reasoning as to why it was rejected, such as because it was a blunder or a DP on
an unassigned AWOIS item, should be added in the feature’s Remarks tab.

4.4.6.1.18.2 Primary, Resolved This flag combination indicates any detached po-
sitions included for informational purposes only, which are not addressed in the DR. Further
information and reasoning should be detailed in the item’s Remarks tab.

4.4.6.1.18.3 Primary, Chart, Resolved This flag combination indicates any de-
tached positions that are depicted on the PSS as features but not addressed specifically in the
DR. Some examples of when this flagging scenario might be used are as follows: (i) recording
bottom sample locations, (ii) positioning shoreline features, and (iii) verifying positions of aids
to navigation.

4.4.6.1.18.4 Primary, Chart, Report, Resolved This flag combination indicates
any detached positions that are depicted on the PSS as features and are addressed specifically
in the DR. Some examples of when this flagging scenario might be used are as follows: (i)
least depths determined by DLDG that either do not have supporting echosounder bathymetry
or any correlating echosounder bathymetry is flagged Secondary, and (ii) portraying complex
shoreline, including issues such as changes to MHW and shoreline feature disprovals.

4.4.6.1.19 AWOIS Items

4.4.6.1.19.1 Primary, Resolved This flag combination indicates an AWOIS item
that was disproved using one of the investigation methods assigned in the database record.
See [4.4.9.7] It can also be used to indicate an AWOIS item that does not fall directly into a
survey area, but whose search radius partially falls within the survey area, and has been or
will be addressed by an adjoining survey. Further information should be added to the item’s
Remarks tab.
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4.4.6.1.19.2 Secondary—to [Primary] Bathymetry Item or DP This flag combi-
nation indicates any AWOIS item that was located/verified during the survey. See(4.4.9.1|

4.4.6.1.20 Geographic Positions (GPs) GPs are any point data that do not fit into
another feature category. As Secondary items, they can be used to convey information that
is outside the scope of standard features in Pydro. GPs may be either inserted into Pydro
from some “generic” ASCII or database format or manually digitized via the context menu in a
Pydro Chart Window. GPs can optionally be assigned under the sub-categories “ChartGPs” and
“Checkpoints”. An explicit function exists in Pydro to insert S-57 ENC features as ChartGPs into
the PSS for evaluation of survey items in context with the (official) chart.

Secondary ChartGPs are used to indicate the connection of the associated Primary item
to an existing charted feature. Such a relationship instructs Pydro’s DR document builder to
file a Primary+Report feature under the “Charted Features” chapter; absence of a Secondary
ChartGP (and no Secondary AWOIS) directs a Primary+Report feature to the “New Features”

chapter. For details, see|4.4.9.1]

Checkpoint GPs can be created in Pydro if survey features do not exist at desired comparison
locations for (say) a Pydro Points/Surface Stats Report. Refer to|5.2.3.3.2|

GPs can be created as placeholders for the information necessary to disprove a feature,
without the need for an item to be explicitly logged during data acquisition. Photographs and
other details about the techniques used to disprove a feature (e.g., search radius and method)
are important pieces of information to include with such a disproval GP.

4.4.6.1.21 Pydro Flagging for export to Notebook Features that will be added to
the Field Verified HOB: All features that are flagged as “Primary” + “Chart - ?” (carto action =
“none”), and have been S-57 attributed, shall be brought into Notebook via an XML Features File
export from Pydro. This exported feature selection is achieved via the feature template filter
mechanism in Pydro, to select the subset of features out of the PSS with the aforementioned
flagging combination. An interim Pydro_Updates.HOB will be created from the XML, which will
later be copied into the Field Verified HOB in the final deliverable

Features that will be added to the Disprovals HOB: All features that are flagged as “Primary”
+ “Chart - Delete” (carto action = “delete”), and have been S-57 attributed as a cartosymbol,
will be brought into Notebook as the Pydro_Delete.HOB. As described above, this too is based
on the feature template filter mechanism in Pydro. Once the survey is complete, these features
will then copied into the Disprovals HOB in the final deliverable S-57 Attribution: Double Check
that all features that you wish to have exported to Notebook have the correct S-57 attribution
in the S-57 Editor Window. Features without an S-57 attribution will not be exported from Caris
Notebook.

4.4.6.2 S-57 Attribution

S 57 is shorthand for the International Hydrographic Organization (IHO) Special Publication No.
57, “IHO Transfer Standard for Digital Hydrographic Data.” An S-57 file is a database of fea-
ture object classes and associated attribute types. Multiple object class “instances” are often
required to describe a single real-world feature. For example, a lighted lateral buoy with a
horn is described with three object classes in 5-57: BOYLAT (buoy, lateral), LIGHTS (lights), and
FOGSIG (fog signal). Attribute types under each object class are used to indicate the specific
makeup of the feature; e.g., COLOUR (colors), COLPAT (color pattern; applicable if dealing with
more than one color), CATFOG (category of fog signal), etc. As demonstrated in this exam-
ple, all S-57 object classes and attribute types utilize a 6-letter acronym naming convention.
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Feature object classes that have meaningful geometry contain a spatial component in the S-
57 data, where point, line, and area geometry is possible. The IHO ENC Product Specification
details what S-57 objects and related attributes and geometry are permissible for official, for-
navigation charts produced by hydrographic offices around the world, like NOAA. Example 1 :
An S-57 rock is encoded using object class UWTROC, and has (say) a attribute type WATLEV
= “always dry” Example 2: A bottom sample is classified using object class SBDARE and can
be given attributes such as COLOUR, NATSUR (nature of surface) and NATQUA (nature of sur-
face - qualifying terms), These attributes could be filled in with (say) brown, sticky, and mud
respectively.

S-57 feature designation and attribution is assigned for user-selected items in Pydro via an
S-57 Editor dialog. As noted in section 4.4.6, certain subsequent flagging actions to be made
towards a feature—in this case, 5-57 markup, need only be carried out on the Primary item
because they are propagated through to the flags of all Secondary items. Select an object in
the "Object Classes” list by checking the box adjacent to the desired object class description.
The corresponding 6-digit acronym for any highlighted class name in the list is shown in the
mouse pointer tooltip while hovering over the “Object Classes” button; and, clicking on the
button opens up a help file detailing the meaning of the object class. The mandatory and
additional attributes per the ENC Product Specification are shown on separate notebook pages
in the Pydro S-57 Editor. All mandatory attributes must be filled out. Certain attributes do
not require manual editing; instead, the attribute is linked to the digital data present in the
Pydro XML feature data (manual editing for such attributes is in fact disabled). For example,
if the S-57 attribute VALSOU (value of sounding) is associated with the feature, the Pydro XML
<depth> element value will automatically appear in the depth editing box. Fill out the other
boxes on the Additional Attributes notebook page in the S-57 Editor dialog according to your
field observation.

Source Date and Source Indication (SORDAT and SORIND) are mandatory attributes that
have a standard data entry format. The standard source date is the last day of your survey, en-
coded in the format CCYYMMDD (4 digits for calendar year — CCYY, 2 digits for the month — MM,
and 2 digits for the day of the month - DD; e.g., 19820506 = 6 May 1983); the standard source
indication for new or modified features identified by your survey is formatted according to the
template US,US,survey, HXXXX. The 6-digit acronym for a particular S-57 attribute is shown in
the mouse pointer tooltip while hovering over any attribute button in the Pydro S-57 Editor; and
click on an attribute button to open a help file for more information. S-57 feature attribution
is required for all Pydro XML Primary items that represent a real-world feature recommenda-
tion for inclusion on the official navigational chart. Edit the S 57 object/attribute instances to
describe each real world feature as completely as possible. Again, multiple object classes and
their associated set of attributes may apply to a given feature.

For further guidance on S-57 attribution, use the Field Encoding Guide in the chapter 3
appendix and the LIDAR deliverables logic docuement in the chapter 4 appendix.

4.4.6.3 Feature Remarks and Recommendations

The “Remarks” and “Recommendations” text fields in Pydro’s Editor Notebooks are used to
provide survey data reviewers and cartographers additional information about features. The
hydrographer’s feature remarks should include techniques used to identify the feature, what
the feature is and additional information that is not be captured elsewhere in the digital data
(e.g., flags, S-57 attribution, keywords, etc.). Remarks shall be written either in longhand or
using the standard abbreviations tabulated in this chapter’'s appendices. Only the primary
item representing the feature in Pydro requires a remark, but the remark may often contain
information about the secondary items as well.

Example scenario regarding remarks: A least depth on a wreck (say) was selected to be the
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primary feature in Pydro. The contacts selected from imagery and an associated AWOIS item
are secondary to that sounding. The remarks section of the primary feature should reference
the supporting data from imagery contacts and the AWOIS item. An example of a remark for
this feature is: “Sounding is least depth on obstruction. Obstruction was identified using 200%
SSS, and least depth determined using Reson 8125. Feature is determined to be AWOIS item
#5546.”

Do NOT copy-and-paste digital data that is already included as part of the Pydro report.
Exact geographic positions (Latitude and Longitude), least depths, etc. are already part of the
document, and re-writing these values in the remarks only adds opportunity for error; changed
values from reprocessing, not to mention human blunders, will necessitate unnecessary and
time-consuming quality assurance checks during data review. One slight exception to this rule
is the practice of including the correlating AWOIS number (RECRD field) in the hydrographer’s
remarks. Although Pydro’s PDF report output will automatically show a heading of “Primary
Item for AWOIS #<RECRD>" (based on the existence of a Secondary AWOIS item in the survey
feature correlation), an explicit reference made by the hydrographer in the Primary item’s
“Remarks” has been deemed necessary.

It is the hydrographer’s responsibility to analyze the current survey’s features and examine
them in relation to their position and importance on the chart. In conducting this comparison,
recommendations as to whether a feature should appear using distinct symbology on the chart
is requested. While explicit charting recommendations are not mandatory, and are considered
unnecessary for typical features which have been thoroughly attributed according to the IHO’s
S-57 standard (i.e., the digital data “speaks” for itself), it is important to clearly communicate
all information necessary to ensure proper charting of a feature. For those features that require
further clarification, specific charting notes, etc., should be inserted under the "Recommenda-
tions" tab in the Pydro Editor Notebook so that they will be included in the "For Descriptive
Report" feature report to be submitted as Appendix Il of the DR.

An example scenario which warrants charting recommendations on a feature is when un-
conventional search methods are used, or when the search methods did not meet specifica-
tions, but which the hydrographer feels are adequate to justify the removal of a feature from
the chart (feature disprovals). In this case the Hydrographer must describe the search meth-
ods, any data reviewed, and supporting information that would lead a prudent reviewer to the
same conclusion. This information would reside in the remarks field in the Pydro editor window.
The Hydrographer would then recommend removing the charted item in the Recommenda-
tions field. An example of a feature that would not require a charting recommendation is a
bathymetry feature attributed in S-57 as a wreck. Such a feature would clearly be charted as
a wreck, with the least depth indicated by the feature’s bathymetry record and automatically
linked to the feature’s S-57 attribute VALSOU (value of sounding) by Pydro. If in doubt about
the need to make a recommendation, err on the side of caution by making a recommendation.

4.4.7 CARIS Notebook Feature Management
4.4.7.1 HOB file management

Surveys that contain traditional shoreline verification are required to compile and submit their
features and feature disprovals in CARIS Notebook HOB files. All of the source features (those
currently on the chart and from previous surveys) are compiled at HSD OPS and are provided to
the field unit for verification as a 000 file on the Project CD. This file is converted to a HOB file,
clipped to the size of the survey and is retained without edits as the Original Composite_Source
HOB. A copy of the Original_ Composite_Source HOB is created and renamed Final Features
HOB. In addition, a disprovals HOB is created as a home for all items to be removed from the
chart. All updates and changes to the original source shoreline will be managed and delivered
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in the Final Features and Disprovals HOB files.

4.4.7.2 New and Modified Features in Notebook

One of Notebook’s strengths is its ability to create and edit line and area features. New fea-
tures are added as S-57 attributed objects through the feature editing function in Notebook.
The hydrographer is required to input mandatory S-57 attributes before he or she can begin
digitizing the new feature. The shape and extents of existing features, such as MLLW, ledges,
foul areas etc, can also be modified using the same function. All additions and modifications re-
quire a remark in the remarks field and an updated source date (SORDAT) and source indication
(SORIND). All new and modified features are submitted in the Final Features File.

Line objects or point objects defining extents may be delivered for all area features. While
area objects of ledges, reefs and foul areas are not required, in the case of kelp or eel grass
areas, or any other S-57 area objects for which “line” is not an option, the preferred method
may be to generate an area.

4.4.7.3 Use of SORDAT & SORIND

Disproved features will always maintain the original SORDAT and SORIND. For features other
than Disprovals, the SORDAT and SORIND attribute fields must be populated for all features
added or altered in any way, including a simple addition of a note in the Remarks field. For
these features SORDAT and SORIND are modified to reflect the survey end date and survey
registry number. This will call the attention of the branch cartographer to the feature. Instances
which require altering SORDAT and SORIND are as follows:

o New feature

o

Modification to the geographic position of a feature

o

Modification to the geometry (shape) of a feature

o

Modification to the geographic primitive of a feature (example: point becomes line)

o

Modification to a feature’s object class

Modification or addition to a feature’s attribution

o

o Addition of a note to Remarks or other field

4.4.7.4 Use of Remarks and Recommendations Attribute Fields

Populate the Notebook feature Remarks field for all Disprovals and for every feature contained
in the deliverables that includes the new SORDAT and SORIND. The same information that was
recommended to be included in the Pydro Remarks field is also recommended for Notebook
Remarks. Features in the Field Verified HOB that maintain their original SORDAT and SORIND
should not have any changes made to any attribute field, including Remarks. In these cases
use a Marker to convey additional information.

Recommendations are required for all charted feature Disprovals, but not otherwise re-
quired for any Field_Verified features if Remarks suffice.

Through documentation and attribution it should be clear what action the branch cartogra-
pher is to take: add to chart, delete from chart, chart rock as ledge as digitized, etc.
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4.4.8 Feature Investigation

Significant items identified during mainscheme hydrography should be further investigated to
obtain an accurate least depth for each. For charted features such as AWOIS items, further
investigation may be necessary to disprove an item’s existence. These investigation processes
are commonly referred to as “developing” a feature. The preferred method of development
is full MBES coverage. If multiple MBES systems are available, the highest frequency sonar
system effective in the item’s depth of water should be used to obtain the highest resolution
data. If MBES development is not feasible, VBES development and/or a diver investigation may
be substituted.

4.4.8.1 MBES Development

Typically, a significant feature’s approximate position and height will have been determined,
either from SSS or MBES mainscheme data. Since MBES data are most accurate in the nadir
region of the swath, a multibeam development should include a survey line that passes di-
rectly over the feature. Data density should meet the criteria for Object Detection Multibeam
coverage as defined in section 5.1.2 of the HSSD. Depending upon the size of the item, sub-
sequent lines can be added to either side of the original line until full coverage is achieved.
It is recommended that an additional line be run orthogonally over the feature’s anticipated
least depth. It is common for marine life to gather around large features, often creating noise
in MBES data. This additional line provides both an alternate perspective and additional data
to identify noise and support a final least depth determination. See[2.5.3.4]for information on
planning developments.

4.4.8.2 VBES Development

If a field unit does not have MBES capability, VBES can be used to determine a feature’s least
depth. If possible, side scan sonar should first be used to determine the feature’s approximate
position and height. Side scan images from different aspects may assist the hydrographer with
feature identification. Carefully review the imagery for possible slender, vertical protrusions
(e.g., masts, spars, outriggers, spuds, piles, etc.), and measure approximate heights above the
seafloor for any protrusions observed.

Perform a full VBES investigation, using both high- and low-frequencies if available. If the
item is large, start with two parallel survey lines over the feature. Continue running lines,
parallel to the first two, until the least depth is detected. Decrease line spacing as necessary. If
the feature is narrow, such as a pile, start with a single line over the contact position, working
to each side at 5 meter line spacing until the object is found. An adequate investigation will
exist when high frequency echosounder coverage has been accomplished for a minimum of
three sounding lines, crossing the full extent of the feature, and the center line is shoaler than
the outside lines. If vertical protrusions were suspected and not detected, additional sounding
lines should be run at further-reduced line spacing until the echosounder detects the vertical
protrusion or the hydrographer is confident that the suspected protrusion does not exist.

Successful completion of the requirements listed in the above steps constitutes an ade-
quate VBES investigation. The shoalest depth recorded during the examination should be ac-
cepted as the least depth. Note: an exact match of heights above the seafloor determined by
echosounder and side scan sonar shadow length will most likely not occur. The side scan con-
tact shadow height is approximate and will be portrayed and measured differently when the
contact is located in the near range region, as opposed to the far range regions of the swath.

If the hydrographer determines that the VBES cannot detect a vertical protrusion identified
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in the side scan records and using divers is not a feasible option, document the item with the
most accurate least depth that the field has acquired and recommend that additional field work
be performed.

4.4.8.3 Diver Investigation

If a feature can not be adequately identified and resolved using acoustic methods, a diver
investigation may be necessary. When conducting any dive operations, you must comply with
NOAA Administrative Order 209-123, commonly referred to as “NOAA diving regulations” (see
Appendix 4 and the latest edition of the NOAA Diving Manual. Prior to conducting the dive, any
nearby AWOIS records should be reviewed so that the items may be correlated using visual
confirmation. Divers should conduct a visual inspection and determine a least depth using a
Diver's Least Depth Gauge (DLDG.) Refer to[3.2.5|for details on use of the DLDG. Once the least
depth has been identified, divers should place a buoy at this point so that the support vessel
can obtain a DP for the feature’s least depth. If additional bottom time is available, it is often
useful for the diver’s to record details of the feature via a sketch with dimensions, azimuth of
the item.

Note: Before leaving the dive area, a CTD sound speed profile must be acquired, as this will
be necessary for processing the DLDG pressure data.

Soon after completion of the dive, the dive team should complete a final sketch of the item
with the least depth position identified and any additional details recorded.

4.4.9 Feature Reporting (Pydro)

Investigation procedures and results for significant features must be documented and flagged
in Pydro so that they will be included in the “For Descriptive Report” feature report to be sub-
mitted as Appendix Il of the DR. Feature descriptions should be recorded under the Remarks
tab of the Editor’s Notebook. After bathymetry data from developments and/or DLDG pressures
have been processed, each investigated feature should be associated with a least depth.

The hydrographer should review each significant unresolved feature and associated bathymetry
data. The shoalest valid sounding for each item is the least depth and should be designated a
bathymetry feature in Pydro. Make the status of bathymetry features indicating least depths
Primary, as they provide both depth and, in all likelihood, a better horizontal position than the
original contact. Unless the original contact was used to determine the feature’s least depth,
set the status of the original contact as Secondary to the new bathymetry feature.

If the feature is determined to be a DTON, a charted item, an uncharted (new) item, or
an AWOIS item, the Primary record should be appropriately flagged in Pydro for inclusion in
the “For Descriptive Report” feature report. Typical flagging combinations for these items are
described in[4.4.6.1] Any specific charting recommendations should be entered under the Rec-
ommendations tab of the Editor’s Notebook. Guidance for making charting recommendations
is included in[4.4.6.2] If the item does not require further investigation or additional reporting
(i.e., itis not a new DTON) flag the feature as Resolved.

All feature reports should be generated with Survey Position in degrees-minutes-seconds
format unless an alternate format is specifically required due to unusual operational circum-
stances.

Note that a LIDAR deliverables decison logic document can be found in the chapter 4 ap-
pendix.
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4.4.9.1 Flagging for Automated Feature Reports

The following sets of mutually-exclusive flag logic are used by Pydro to categorize all survey
features into separate chapters within the “For Descriptive Report” PDF output to be submitted
as Appendix Il of the DR. The separate chapters in this report include: “Dangers to Naviga-
tion”, “Charted Features”, “New Features” (currently uncharted, to-be-charted), and “AWOIS
Features”. Each chapter corresponds to a physical Pydro *.treetemplate file used to filter and
categorize items for the feature report. These standardized DR feature tree templates may be
loaded in the Pydro application to review the content of the chapters within the context of a
GIS. Refer to flag definitions and flagging scenarios in[4.4.6.1] for additional clarification on the
individual flags used in each logic grouping.

4.4.9.1.1 DR_DToN Thisflagging is used to segregate survey features addressed as “DTONs”
in the DR. Only one logic path (a) can be used to denote an item as DR_DToN: (a) Primary +
Accepted [i.e., not flagged Rejected] + Chart + DToN

4.4.9.1.2 DR_Charted This flagging is used to segregate survey features addressed as
“charted items” in the DR. Two logic paths (a,b) can be used to denote an item as DR_Charted:

(a) Report + Primary + Accepted + Non-DTONSs [i.e., not flagged DToN] + Secondary ChartGP,
but no Secondary from AWOIS. (b) Report + [Keyword=="DR_Charted”], but may not meet the
criteria in (a).

4.4.9.1.3 DR_UnCharted This flagging is used to segregate survey features addressed as
“uncharted (new) items” in the DR. Two logic paths (a,b) can be used to denote an item as
DR_UnCharted: (a) Report + Primary + Accepted + Non-DTONSs, with no Secondary from Chart
GP or AWOIS. (b) Report + [Keyword==“DR_UnCharted”], but may not meet the criteria in (a).

4.4.9.1.4 DR_AWOIS This flagging is used to segregate survey features addressed as
“AWOIS items” in the DR. Two logic paths (a,b) can be used to denote an item as DR_AWOIS: (a)
Report + Primary + Accepted + Non-DTONs + Secondary AWOIS (b) Report + Primary AWOIS
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Figure 4.23: Feature Processing Flow Diagram (Pydro)

4.4.10 Feature Reporting (Notebook)
4.4.10.1 Required Files

The following are the three HOB files that are required for Notebook Feature submission. The
elements of each layer are described in brief below followed by specific examples in the next
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section:

1. Original Composite Source: HXXXXX_Original Comp_Source.hob. The original composite
HOB contains the features from the Composite source clipped to the limits of the survey
sheet. This file remains unaltered through delivery to the processing branch.

2. Final Features: HXXXXX_Final_Features_File.hob. The Final Features layer contains the
Original_Composite_Source HOB with survey updates. Features contained in the Final_Features
HOB include:

(a) new features
(b) modification due to: attribution, geometry, feature object class, or position

(c) Features from multiple sources (i.e. deconfliction), including all assigned LIDAR inves-
tigation items and LIDAR features that have been verified or modified (see the LIDAR
deliverables logic document in the chapter 4 appendix). Retain best represented fea-
ture. Move remaining features to the Disprovals layer.

(d) Features Not Addressed, including all assigned LIDAR investigation items that could
not be verified,remain in the Final Features layer. This includes features inshore of
the NALL and features from multiple sources which cannot be deconflicted.

Placement into or retention of an item in Final_Features is not an implicit agreement that
it should be compiled to the chart.

3. Disprovals: HXXXXX Disprovals.hob. Features from Composite Source that have been
disproved, including all LIDAR investigation items that have been disproved, should be
moved from Field Verified to Disprovals. Examples include situations where:

(a) Feature no longer exists
(b) Geographic position is altered

(c) Geographic primitive is altered (i.e. point feature modified to a line; point modified to
an area, etc.)

4. Photos: Photos should be submitted in a folder named HXXXXX Photos along with the
three Notebook features files listed above. Any naming format for individual photos is
acceptable as long as it includes a unique identifying number that can be referenced in
the feature’s Remarks attribute field and in the Descriptive Report.



CHAPTER 4. DATA PROCESSING AND ANALYSIS 192

Pydro S-57
Trimble attributed
backpack and tide-
features corrected
XML

Composite
Source File

CARIS Notebook

sort data into three HOB layers:
1. Original Composite Source
2. Final Features
3. Disprovals

then:

1. create new features

2. complete attribution

3. update Remarks and Recommendations
4. update SORIND and SORDAT

Figure 4.24: Feature Processing Flow Diagram (CARIS Notebook)

4.4.10.2 Examples of Features

Final Features: HXXXXX_Final Features File.hob

The final Final_Features retains all Original_Composite_Source features that were addressed
but that were not edited in any way. These features maintain the original SORDAT and SORIND.
No attribution, such as Remarks or Recommendations, should be added. This will alert the
processing branch to retain the feature for charting. Any additional information needed should
be conveyed using Markers.

o Example 1: A GC rock is determined to correctly portray the feature investigated during
shoreline verification. No attribution, such as height, is added. This would formerly have
been indicated using “GC rock OK” or GC rock noted”.

o Example 2: For LIDAR features that are verified (it has been verified that the feature
exists as portrayed), but that you would not recommend charting as a feature, treat these
as any other verified feature, retaining it as is in the Final_Features layer. A Remark or
Recommendation may be used, at the hydrographer’s discretion, to convey information
to the cartographer.
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Final_Features includes all new features.

o Example: A charted rock is found to be the high point of a new reef. The rock is attributed
with height (VALSOU), as measured in the field and tide corrected. It is assigned the new
SORDAT and SORIND, and a Remark, and is retained on the Final_Features layer. A SBDARE
line (NATSUR = Rock) is digitized to Final_Features using the observed reef extents as
a guide, assigned the new SORDAT and SORIND, and given a Remark. The processing
branch will create an area object of the SBDARE line.

Final Features includes features where only attribution is changed for any object.

o Example 1: A height measurement is taken for a GC rock. The rock is retained in the
Final_Features layer, VALSOU field populated, and the feature assigned the new SORDAT
and SORIND. A Remark is included to note the addition of the height attribution. (Note:
As long as Final Approved Water Levels are applied to the survey prior to transmittal from
the field unit to HSD, “DPs for Height” are retained in the Pydro PSS, but not included in
any .hob file deliverable.)

o Example 2 : The color of a mooring buoy is found to be orange rather than the yellow
shown on the chart. The COLOUR attribute is changed for the MORFAC feature, and the
feature assigned the new SORDAT and SORIND. A Remark is included to note the change
of the color attribution.

o Example 3 : A section of charted MLLW line is determined to be the seaward most extent of
a ledge. The affected section of MLLW (DEPCNT) line is changed to SBDARE line, NATSUR,
Rock, on the Final_Features layer. The SBDARE line is attributed with the new SORDAT and
SORIND. The change of feature object is noted in Remarks.

Final Features includes features that reflect a change of feature object from one object class
to another, without change to geographic primitive.

o Example: A charted pile is found to be a dolphin. The PILPNT designation is changed to
MORFAC, dolphin, and the new SORIND and SORDAT are assigned to the new feature. The
feature object change is noted in Remarks.

Final _Features includes features that were repositioned. The original mis-positioned feature is
moved to Disprovals, maintaining the original SORDAT and SORIND, and given an appropriate
Remark. The repositioned feature on Final Features is assigned the new SORDAT and SORIND
and will have a Remark stating that it was repositioned.

o Example: A charted obstruction is found to be charted 500 meters south of its true po-
sition. The incorrectly positioned OBSTRN feature is moved to Disprovals, retaining its
original SORDAT and SORIND. The feature includes a Remark, and because it is a charted
feature disproval, a Recommendation is also added. A new correctly positioned OBSTRN
is added to Final_Features. It is assigned the current survey’s registry number and date
for SORIND and SORDAT as well as a Remark.

Final Features includes features that reflect a change in geometric primitive (from point to
area, or area to point). The feature with the new geometry is in the Final Features HOB while
the feature with the old geometry is moved to the disprovals layer.

o Example: A charted reef is found to be correctly positioned, but is determined to be a
small islet rather than a reef. A LNDARE point object is used to depict the 